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This treatise is intended to give, in a concise form, 
an explanation of some of the contrivances used in 
the Engineer's Workshop. The recent establishment 
of Scholarships, to which the name of Sir Joseph 
Whitworth, Bart., is so nobly attached, having, it 
is thought, rendered the present work necessary as 
an aid to those who intend to offer themselves as 
Candidates for this honourable distinction. 

The student, in making himself familiar with the 
appliances described, will but be following in the 
steps of many of our most eminent civil engineers, 
some of whom have made improvements in me- 
chanism, upon which, however trivial they may 
appear in themselves, has depended the success 
of the most brilliant of their achievements. 

To the workman, many of the explanations which 
the book contains may indeed be superfluous ; but 
the ever-increasing demands for greater accuracy in 
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his handicraft render it very desirable that he should 
have the means of acquainting himself with the 
present methods of obtaining delicate measurements 
a subject upon which it has hitherto been difficult for 
him to obtain information. 

The thanks of the Author are due to Sir Joseph 
Whitworth ; also to Messrs. Sharp, Stewart, & Co., 
of Manchester; to Messrs. Shepherd, Hill, & Co., 
and to Messrs. Fairbairn, Kennedy, & Co., of Leeds ; 
to Messrs. Tangye Brothers, of London, and to Mr. 
J. J. Bagshawe, of the Thames Steel Works, Sheffield, 
for their liberality in supplying photographs &c., 
from which many of our illustrations are taken. He 
is also greatly indebted to his friend Mr. A. L. New- 
digate, for so kindly rendering his valuable assistance' 
and co-operation during the progress of the work. 

113 Victoria Street, Westminster. 
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WORKSHOP APPLIANCES. 

CHAPTER I. 

ON MEASURES OF LENGTH, AND METHODS OF MEASURING. 

More than two hundred and fifty years ago the greatest 
English writer on philosophical subjects, wishing * to quicken 
the industry and rouse and kindle the zeal of others,' ex- 
pressed himself as follows :— * The introduction of famous 
'discoveries appears to hold by far the first place among human 
actions ; and this was the judgment of former ages. For to the 
authors of inventions they awarded divine honours, while 
to those who did good service in the State (such as founders 
of cities and empires; legislators, saviours of their country 
fi'om long endured quarrels, quellers of tyrannies, and the 
like), they decreed no higher honours than heroic. And 
certainly if a man rightly compare the two, he will find that 
this judgment of antiquity was just. For the benefits of 
discoveries may extend to the whole race of man — civil 
benefits only to particular places ; the latter last not beyond 
a few ages, the former through all time. Moreover, the 
reformation of. a State in civil matters is seldom brought in 
without violence and confusion : but discoveries carry 
blessings with them, and confer benefits, without causing 
harm or sorrow to any.* 

B 
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With respect, however, to the motives of the inventors 
to whpm these high honours should be accorded. Lord 
Bacon adds : * Further, it will not be amiss to distinguish the 
three kinds, and as it were grades, of ambition in mankind. 
The first is of those who desire to extend their own power in 
their native country ; which kind is vulgar and degenerate; 
The second is of those who labour to extend the power oi 
their country and its dominion among men. This certainly ha& 
more dignity, though not less covetousness. But if a man en- 
deavour to establish and extend the power and dominion of 
the human race over the universe, his ambition (if ambition 
it can be called) is without doubt both a more wholesome 
thing and a more noble than the other two. Now the 
empire of man over things depends wholly on the arts and 
sciences. For we cannot command nature except by obey- 
ing her.'* 

Rarely, indeed, are our inventors actuated by this highest 
form of ambition at the present day; but, whatever may 
have been their motives, we cannot deny that they have 
been in a high degree successful in extending the power 
of their country. Where, for example, should we now 
be in the application of steam-power, if the capabilities 
of our workshops did not exceed those of the days of 
Newcomen — or even of Watt ? Where would be our naval 
strength, or even our ability to defend our shores, if the 
increased size and precision of our artillery had not been 
rendered possible by the previous introduction of the steam- 
hammer and the power-lathe ? So that, without in the least 
desiring to detract from the fame of the individuals to whom 
we owe the inventions, or the series of inventions, by which 
each crude idea has been gradually brought to comparative 
perfection, we cannot but consider that their fellow-labourers 
— who, by the introduction of the appliances known as 
^machine tools,' &c., have rendered feasible the carrying out 

♦ Nmmm Organum, lib. i. aph. cxxix. Quoted from Ellis and 
Spedding's translation. 
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of their suggestions, and the performance of operations 
which before were utterly impracticable — ^have strong claims 
to a share in the credit. 

Under this aspect, then, the workshop appliances which 
form the principal subject of the present volume will be 
seen to possess more than a mere technical interest, inasmuch 
as the mechanical superiority which lies at the root of our 
commercial prosperity, is to a great extent dependent upon 
them. It may be worth while, therefore, to pause for a 
moment, and consider in the first place whether we can 
assign their present state of efficiency to any particular 
cause or causes ; and secondly, whether any one direction 
seems to be more marked out than another for future pro- 
gress — for who will say that there is no room for further 
improvement, or question the necessity for continued efforts, 
if we desire to maintain the lead in competition with our 
neighbours ? 

With regard then, in the first place, to the sources and the 
limits of our present powers in the execution of metal work, 
we shall perhaps best appreciate our own position in this 
respect by calling to mind the obstacles which hampered 
the progress of the early millwrights. These were chiefly 
the want of appliances for treating any large portions of 
work, on account of their mere size, and the inability to pro- 
duce true cylindrical or flat surfaces even in work of mode- 
rate dimensions. Of these, the former has now altogether 
ceased to be regarded as an impediment, the steam-hammer 
enabling us to forge, and our Herculean power-lathes and 
other machines rendering it an easy operation to give the 
requisite accuracy of form to the very largest masses which 
have as yet been required in the arts of either peace or war. 
Nor indeed does the limit in this direction seem to be other- 
wise than capable of indefinite extension. For the ac- 
curate performance, and indeed for the existence of our 
machine-tools, both large and small, and consequently for 
our enormously increased facilities for giving to work of all 

B 2 



4 Workshop Appliances. [Chap. 

sizes the requisite truth of form, we are indebted to the 
invention of the sUde-rest and the planing-machine ; — 
or rather to the introduction of the principle of the slide, 
upon which they both depend. The application of this 
principle, then, seems to have been the turning-point in 
our mechanical career, from which the rapid strides which 
we have made of late years may be said to have commenced. 
Not only has it given us the various forms of self-acting 
lathe, the planing, shaping, slotting, and other machines 
which have become absolute necessities in our workshops, 
but, above all, it has made it possible to increase the dimen- 
sions of our work — by increasing the size of the tools in 
which it is treated — to an extent to which at present we have 
found no limit. 

The slide principle consists merely in so forming two ad- 
jacent plates or other portions of a machine, that one of 
them can slide freely upon the other in one direction only — 
no other motion between them being possible. Can anything 
be more simple ? Yet simple though it be in conception, and 
various as are the forms of sliding-joint by which these re- 
quirements may be fulfilled, its embodiment in a practical 
shape demands a very high degree of manipulative skill, as 
the reader will have no difficulty in realising when, for in- 
stance, the slide-rest is placed before him. Here he will 
see a structure, formed by building ujp a series of slides, one 
upon another, each of which must be incapable of receiving 
any except its own proper motion ; since the slightest un- 
steadiness would be communicated to the tool supported 
on its summit, and would render the whole instrument 
useless. The greatest care therefore becomes necessary to 
ensure perfect parallelism and exact agreement between the 
surfaces which are in contact. So great indeed does this 
necessity become in the larger and more powerful tools, 
that it is probable that their production would have con- 
tinued to be beyond our powers even to the present day, 
but for the improved process first introduced to public 
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notice by Sir Joseph Whitworth in the year 1840 — by which 
the formation of true plane surfaces has been rendered possible. 

SHght though the connection may at first sight appear to 
be, we believe that this improvement provides us with the 
most probable answer to our second enquiry. Since the 
true plane (or at least a very close approximation to it) has 
become a reality, increased accuracy has gradually extended 
to all branches of the mechanical arts in which true surfaces 
are required. This is of itself an advantage, which has been, 
and will undoubtedly continue to be, attended with increasing 
benefits ; but its own importance will in all likelihood prove 
secondary to that to be derived from the admirable system 
of measurement which has more recently been devised and 
brought to a high state of perfection by the same master of 
perseverance. 

To the success of this principle, — which consists in, as it 
were, magnifying minute quantities by mechanical instead of 
by optical means, as explained hereafter, — the production of 
a true plane has to so great an extent conduced, that with- 
out it there is no doubt that its application would have 
been impracticable. As it is, the measuring machines in ques- 
tion constitute, in their most delicate form, the most beautiful 
mechanical appHance of our time, and are of the highest 
value for scientific purposes, — whilst those of more humble 
powers supply us with the means of obtaining measurements 
with an amount of precision which at present far exceeds 
our workshop requirements. That these requirements will 
advance as the benefits derivable from increased attention to 
dimensions and the abandonment of haphazard fitting — that 
insuperable barrier to the economical production of a high 
class pf work — become more and more fully appreciated, is 
our firm belief; and we look forward to seeing the day when 
some kind of efficient measuring instrument, by which his 
gauges can be checked and the constant accuracy of his 
dimensions can be ensured, will have become a necessary 
part of the stock-in-trade of the machinist. 
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In view, then, of the great and increasing importance of 
accurate measurement, we propose to devote the present 
chapter to noticing some of the measuring instruments which 
are now in use in mechanical workshops, together with a few 
of the mOTe deUcate appliances which may in some cases be 
substituted for them with advantage, or in others be 
employed for their correction and adjustment. 

The necessity for some Standard^ ox Unit of Length, 
appears to have been recognised from the earliest times ; but 
until the seventeenth century — at about the commencement 
of which some demand for increased accuracy seems to have 
sprung up — various natural objects served the purpose 
sufficiently well. Many of the names which survive to the 
present day show the origin of the measures to which they 
are applied. Thus we use the ' foot,' the * hand,' and the 
*nail' for the expression of various small dimensions; 
whilst the * cubit ' (or forearm) and the * pace ' — though the 
former is not to be met with now — have in past times served 
to express somewhat greater ones. It was doubtless an ad- 
vantage to make use of units, with duplicates of which every 
workman or trader was provided ; but inasmuch as they all 
vary to a great extent in different individuals, they could 
obviously only be used for measurements of the roughest 
description. Attempts were made long ago in this country 
to secure one permanent unit, or standard of length, and 
although they have been successful as far as commer- 
cial and other practical ends are concerned, the history of 
our endeavours to obtain one sufficiently invariable for 
scientific purposes is a standing example of the uncertainty 
of human undertakings. 

Some of the old statutes enact that three barley-corns, 
round and dry, make an inch, twelve inches a foot, three 
feet a yard, &c., and there seems to be no doubt that this 
mode of obtaining the standard was actually resorted to. 
But, setting aside the objection due to the varying sizes, of 
''^dividual grains — unless the average from a very large 
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number of them be taken — it is so difficult to know how 
much of the sharp end of a grain of barley must be removed 
in order to make it *roimd/ that the definition is not of 
much value. Nevertheless, in spite of numerous attempts 
at legislation on the subject, this, down to the year 1824, 
was the only process by which the standard yard of this 
country could, if lost, be legally recovered. 

In the year 1742, when the Royal Society took the matter 
in hand, there were several standards of length in existence, 
which, although they were not recognised by law, served the 
purpose of approximately regulating the measures used for 
commercial and other purposes. A careful comparison 
made by order of the Royal Society showed considerable 
variation between them ; so from the most reliable of them 
a clever mechanician named Graham (to whom we owe the 
mercurial pendulum, and several other improvements in 
clocks and watches) was employed by that Society to mark 
off the true length of a yard upon a brass rod. From this 
—the first standard worthy of the name — a Parliamentary 
Committee caused a copy to be made in the year 1758 by 
an optician named Bird, who was also afterwards employed 
to make a second copy. These two standards were duly 
placed in the hands of the Speaker of the House of 
Commons, but a Bill to constitute the first o^ them the 
national standard was not carried ; so there they remained. 
Another Committee appointed in 1 790 did nothing, and the 
matter was then shelved till the year 1814. 

During this interval, however, not only did several private 
individuals and learned societies provide themselves with 
standards, but scientific men turned their attention to devis- 
ing means for the recovery of the national standard — if it 
should ever be lost or destroyed. Accordingly a Committee 
in 18 14, after recommending the adoption of Bird's standards, 
defined the, British yard as consisting of thirty-six inches, — 
the length of a pendulum making one vibration per second 
being 39*13047 of such inches. In 1819 a Commission was 
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appointed by the Prince Regent, which in that and the two 
following years presented three Reports. In the first Report 
the length of the seconds' pendulum, and also the weight of a 
cubic inch of distilled water, were stated ; but in the second 
and third Reports respectively bpth of them were altered, — 
the former to 39*13929 inches, the latter to 252*458 grains, 
— under certain stated conditions. These Reports resulted 
^n the Act of 1824, by which Bird's standard of 1760 was 
at length legalised. 

Only ten years after this, in 1834, t^^ ^^e occurred which 
destroyed the Houses of Parliament, and with them both of 
Bird's standards ; so the country again found itself without 
an authorised copy of its standard of length. It might 
naturally be supposed that recourse would at once be had to 
the pendulum, and that the easy and speedy restbration of 
the lost standard would be the result. But this was not the 
case; and a Treasury Commission appointed in 1838 
declined to recommend that method, serious sources of 
error in the former experiments having been subsequently 
discovered. Fortunately, however, the Royal Astronomical 
Society had, only two years before the destruction of the 
Houses of Parliament, caused a standard to be made for 
its own use, and this had been most carefully compared 
with the Parliamentary standards. From it, therefore, taken 
in conjunction with other reliable copies, the Commissioners 
(whose Report was presented in 1841) recommended that 
accurate Parliamentary copies be made, by the careful pre- 
servation of which the true length of the British yard should 
be perpetuated, in preference to depending upon experi- 
ments for obtaining it from any natural constants whatso- 
ever. 

Acting on this Report, the Government appointed a Com- 
mittee to carry out the recommendations contained in it, 
under which was commenced a series of experiments and 
investigations which are almost, if not altogether, without 
parallel for the care and perseverance bestowed upon them. 
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Those connected with the restoration of the standard ot length. 
— ^with which alone we have to deal — were begun by Mr.Baily 
(to whose assiduity the Astronomical Society owed its stand- 
ard), and after his death in 1844 were carried on by Mr. Sheep- 
shanks. The delicacy of their operations may be gathered 
from the fact that a change of temperature of only one- 
hundredth part of one of Fahrenheit's degrees was found to 
produce a sensible effect in the length of a bar ; a quantity 
which at that time no thermometers in the country were 
capable of registering. Therefore, in addition to accurate 
determinations of the rate of expansion in different metals, 
careful comparisons of the most trustworthy copies of the 
standard, and many other points to which time had to be 
devoted, new thermometers of immensely increased accuracy 
had to be devised and constructed. To this arduous task 
Mr. Sheepshanks gratuitously devoted the last eleven years 
of his life, dying on the very eve of its completion, in 1855. 
What remained to be done was undertaken by Mr. (now Sir 
George) Airy, the present Astronomer Royal, to whose 
Memoir in the 'Philosophical Transactions ' for 1857 the 
reader who is interested in the subject will do well to refer 
for further details of the work. 

The result of their joint labours was the adoption of two 
of the existing copies of the lost standard, one of which was 
henceforward to be regarded as the standard. From this 
four * Parliamentary copies* were made, of which No. i 
was deposited in the Royal Mint, No. 2 in the keeping of 
the Royal Society, No. 3 in the Royal Observatory at 
Greenwich, and No. 4 was immured in the lower waiting 
hall of the Houses of Parliament* Iii form they are all 

* Recent alterations at the Houses of Parliament have rendered 
necessary the removal of this Parliamentary copy, together with those 
of the Standards of Weight, &c. , which were immured with it ; the 
wall in which they were originally placed having been pulled down in 
order to form an entrance to the refreshment rooms. The Times (of 
March 2ist, 1872) states that : — * On the 7th of March ... the 
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solid bronze bars, i inch square, each being 38 inches long. 
Near the ends of each bar there are two holes, in which are 
inserted gold plugs with fine lines engraved upon their sur- 
faces, which lines are exactly one yard apart, at a certain 
stated temperature. An Act legalising them was passed in 
1855, since which date — despite the efforts which have been 
made in this country to implant the m^tre with its decimal 
system — these bars have continued to be the only legal 
source from which all our measures spring, and the real 
safeguard against the loss of our national unit, the British 
yard. 

In addition to the length of the seconds* pendulum, 
other natural standards have from time to time been pro- 
posed. Such are, the velocity of light, the length of an 
. undulation of a ray of light of definite refrangibility (neither 
of which are practically available), and various dimensions 
of the earth itself. One of these has been adopted by the 
French, whose unit of length, the m^tre, professes to be one 
ten-millionth part of a line drawn on the surface of the globe 
from the pole to the equator. The length of this line was 
deduced from measurements of the arc of the meridian be- 
tween Dunkirk and Barcelona. The result of these measure- 
ments, which were commenced in 1792, has since been 
found to be incorrect by an appreciable quantity, and the 
length of the m^tre, if once lost, could with no greater cer- 
tainty be recovered from any natural standard than can the 
British yard. Consequently the de.cree passed by the French 
Republic in 1 795 wisely defined the m^tre to be the distance 
between the ends of a standard bar of platinum, without 
reference to the source from which it had been derived. 
Borda determined the exact relation which the length of this 
bar bears to that of a pendulum vibrating seconds in the 
latitude of Paris, but the true safeguard against the loss of 

standards were deposited in their new resting-place in the wall on the 
right hand side of the second landing of the public staircase, leading 
from the lower waiting-hall up to the Commons' Committee rooms.' 
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the French, as of the English standard, lies in the preserva- 
tion of accurate copies of the bar by which it is represented. 

The length of the standard m^tre is 39*37079 British 
inches, which for practical purposes may be easily remem- 
bered as three feet three inches and three eighths of an inchy 
this being only -00421 (about -i^) of an inch in excess, 
which is a quantity quite inappreciable in any ordinary 
measurements. Some further information concerning the 
French standard, and the connection which exists between 
the units of length, capacity^ and weight in the metric system, 
will be found in the volume of this series on * Heat,' by 
Professor J. Clerk Maxwell, and also in that on * Inorganic 
Chemistry,' by the late Doctor W. A. Miller. Where large 
numbers of weights or measurements have to be converted 
from the metric to the British system, or vice versa, time 
and trouble may be saved by laying down contiguous scales 
of equal parts, bearing the proper proportion to each other 
— on the principle of the 'Metric Scales,' by Mr. A. L. 
Newdigate, recently published. 

It has been proposed by Sir John Herschel to adopt the 
earth's polar axis as a fundamental unit of length. For this 
purpose it might be considered to contain 500,500,000 (fivef 
hundred million five hundred thousand) British inches, 
which is not more than 82 yards (about i i^ ddd ) ^^ excess 
of its true length. 

In the restoration of the standard yard, the means em- 
ployed for detecting the minute differences of length which 
had to be dealt with, consisted of a pair of microscopes at- 
tached to a perfectly firm foundation, in the focus of each of 
which were placed two intersecting cross-hairs. A slow tra- 
versing motion could be given by means of a micrometer 
screw, the head of which was so divided that each graduation 
represented a movement of one twenty-thousandth part of an 
inch. The comparison of two standard or other scales was 
effected by accurately adjusting the points of intersection of 
the cross-hairs over the lines engraved upon one of the 
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scales, then replacing it by the second scale and again ad- 
justing the micrometer screw, the graduations on the head 
of which registered the difference in the length of the scales. 

This method is known as * line ' measure, or mesure i 
traits J in contradistinction to mesure d bouts ^ or * end ' mea- 
sure. In the former, as we have just stated, the length is 
given by the distance between two fine transverse lines 
drawn upon the standard bar, and it is read by the aid of 
micrometer microscopes ; in the latter it is given by the 
distance between the ends of the bar itself, which is placed 
in actual contact with the instrument by which it is measured. 
Sir Joseph Whitworth has shown that for this purpose the 
sense of touch is much more reliable than the sense of sight, 
inasmuch as minute distances can be enlarged with much 
greater certainty by mechanical than by optical means. On 
this principle he has constructed machines capable of detect- 
ing a difference of one-millionth part of an inch in the length 
of two bars ; and he considers that with the assistance of 
these there would be no difficulty in producing any required 
number of copies of the Parliamentary Standard, each one 
of which would be quite sufficiently accurate for all ordinary 
purposes of reference, so that the wear and risk of injury to 
the original standard would be reduced to a minimum. 

Through the courtesy of the inventor we are able to give 
an engraving of one of these machines, the explanation of 
which cannot fail to interest the reader. It must be borne 
in mind that its object is not to make an original measure- 
ment of the total length of any bar, but to compare it in the 
most accurate manner possible with a nearly similar standard 
bar of which the exact length is known, and record, to the 
millionth part of an inch, any difference which may exist 
between them. The particular machine here represented is 
constructed to receive a bar only one inch long ; but one 
made upon a precisely similar principle, which was capable 
of taking in a bar forty inches in length, was shown in the 
Great Exhibition of 1851, and obtained for Sir Joseph Whit- 
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worth the award of the Council MedaL Another machine 
for ' end ' measurement was also exhibited there by the 
Prussian astronomer Bessel. 

The appearance of the instrument will be evident from the 
General View which stands at the head of the following page, 
whilst the outline Plkn, Section, and End Elevation below 
will explain its construction — the same parts being indicated 
by the same reference letters in all of them. A standard one- 
inch bar (D) is there shown in position for being measured — 
or rather for being compared with some other bar. A rigid 
mass of cast iron (A) forms the bed of the machine, the 
casting being carried up at each end so as to form two head- 
stocks. Running from one of these headstocks to the other is 
a V-shaped groove, in which the square bars B and C are laid, 
and which also receives the standard or other bar (D), of 
which the length is to be tested. The sides of the groove, 
and also those of the bars (which are square in section), are 
worked up as truly plane as possible, and are kept accurately 
at right angles to each other, so that, upon whichever sides 
the bars may rest, they are capable of sliding smoothly and 
with perfect steadiness in the groove. Their ends also are 
carefully made square to their sides, and are brought to 
true planes; one extremity of each, in the case of B and C, 
and both extremities of D, being turned down, so as to 
present circular instead of square faces. Through each head- 
stock runs an accurately pitched micrometer screw, by which 
B and C can be driven forwards along the groove ; as maybe 
observed in the left-hand portion of the Plan, in which the 
saddle by which B is protected and partially concealed, when 
the machine is in use, has been removed. The screw on 
this side, which has exactly 20 threads to the inch, is made 
to advance or recede by turning the wheel F, the circum- 
ference of which is divided into 250 parts. Consequently, 
by turning the wheel forwards through one division, the bar 

B is moved through — x -!!— = one five-thousandth of an 

20 250 
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inch. The other screw, which likewise has 20 threads to 
the inch, is driven by a worm-wheel of 200 teeth, into which 
gears a tangent-screw, H, having fixed upon its stem the 
graduated wheel G. The circumference of this wheel being 
also divided into 250 parts, a movement through one divi- 
sion corresponds to a traverse of — x — x — = one- 

20 200 250 

millionth of an inch on the part of the bar C. Fixed 
pointers enable the exact distance through which either of 
the wheels F or G is moved, to be read off, so that we have 
thus the means of detecting this extremely minute difference 
in the length of any bars, — if, at least, we can fulfil the im- 
portant condition of causing the micrometer screws to exert 
a perfectly equal pressure in every case. The arrange- 
ment by which this equality of pressure is secured is one 
of very great simplicity and beauty. Between one ex- 
tremity of the bar under comparison and the sliding bar, a 
small steel plate with truly plane and parallel sides is in- 
troduced. This plate is called the * feeler' or * gravity 
piece ,' and its ends (E E) are drawn out so as to rest upon 
two supports fixed upon the sides of the bed. When little 
or no pressure is exerted upon the bar D, the feeler, if one 
of its ends be momentarily raised from the support, falls 
back again by its own weight ; when, on the other hand, 
the pressure is at all considerable, it is either incapable of 
being raised without violence, or when lifted, does not return ; 
the friction, in fact, between its own plane surfaces and those 
of the bars between which it is placed forming*a delicate 
measure of the pressure to which they are subjected. When 
this pressure isr just sufficient to keep the feeler from falling 
by its own weight, without interfering with its perfectly free 
motion when touched, the correct adjustment has been given 
to the instrument. 

Suppose now that a proposed duplicate is to be compared 
with a standard one-inch bar. The standard (D) and the 
feeler (E E) are first placed in the positions shown in the 
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figure, contact between them and the sliding bars being 
nearly established by turning the wheel F ; after which the 
final adjustment is given with the wheel G. As soon as 
the feeler, on its end being lifted, remains suspended instead 
of falling back upon its support, the adjustment is known to 
be complete, and the position of the wheel G is accurately 
noted. Since the new bar is to be an exact copy of the 
standard, the coarse adjustment wheel F is left untouched, 
the standard being released by moving the wheel G only, 
which is again adjusted when the duplicate of which the 
length is to be tested has been laid in the groove. If the po- 
sition of the wheel then prove to be the same as before, it is 
evident that the length of the bars is identical ; but if not, 
the exact difference between them is given in millionth parts 
of an inch by the number of divisions by which the second 
reading differs from the first ; a movement through one of 
these divisions being sufficient to release the feeler or again 
to arrest its fall when the adjustment of G is correct. This 
degree of delicacy will thus be seen greatly to surpass that 
of the measurements which have been obtained by reading 
line measures with the aid of powerful microscopes. As an 
instance of the extreme sensitiveness of machines of this 
kind it may be mentioned that the one represented in our 
engraving is capable of detecting the expansion in a one-inch 
bar which is produced by merely touching it for an instant 
with the finger ; and in the larger machine before alluded to 
— if due precautions be taken to protect it from dust, 
moisture, 'and currents of air — ^momentary, contact of the 
finger-nail will suffice to produce a measurable amount of 
expansion in an iron bar 36 inches in length ; a space corre- 
sponding to half a division on the fine-adjustment wheel, 
' or one-two-millionth of an inch, having been rendered dis- 
tinctly perceptible by it. Indeed, the expansion with every 
slight increase of temperature constitutes the only difficulty 
with which Sir Joseph Whitworth has now to contend, and 
he is of opinion that 62° Fahrenheit, which is adopted in 
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this country as the standard temperature, is too low for the < 

purpose, since, if it were increased to 70° or 80°, its uni- 
formity would be much less liable to disturbance from the 
warmth of the operator's body. But it must not be supposed 
that this acme of mechanical precision is by any means easy 
of attainment. For it is obvious that if the slightest want 
of uniformity of pitch were to exist in the micrometer screws, 
or if the sides of the bars, &c., were not the closest possible 
approximations to true plane surfaces, — their ends being at 
the same time accurately at right angles to the common axis 
of the bars and screws — ^it would have been impossible even 
to approach the wonderful degree of accuracy which can 
now be obtained with these instruments. 

For expressing the minute fractions of an inch which 
these measuring instruments enable us to take into account, 
the ordinary binary divisions (into eighths, sixteenths, &c.) 
are wholly unadapted. The use of a medley of such de- 
nominators as 64, 128, 256, &c., could only result in hope- 
less confusion and mistakes, so that in practice the inch is 
rarely divided on this system into more than 32 parts. That 
these are insufficient, even for ordinary work, is proved by 
the not unfrequent occurrence of such dimensions as * 11 6th 
(full)' *or 3-32nds (bare)'; and for accurate measurements, 
whether theoretical or practical, a decimal system is recog- 
nised as an absolute necessity. Unhappily, opinion is divided 
as to the best basis for such a system. Advocates of the 
mbtre urge that, as a change is admitted to be necessary, we 
ought not to lose the opportunity for aboHbhing the whole 
of our present anomalous weights and measures, and substi- 
tuting a system which is complete in itself, and which would 
greatly facilitate our transactions with France and other 
countries in which it is used. On the other hand, it is 
pointed out that by retaining one of our present units of 
length and merely subdividing it decimally, the difficulty of 
making the change, and by consequence the time required 
for it, is incomparably reduced ; and that as far as the intrinsic 

c 
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value of the mfetre as a theoretically perfect and recoverable 
unit is concerned, we should by no means be gainers by its 
adoption. It must be allowed that for the investigations of 
the chemist, and for similar purposes, a complete decimal 
system is invaluable, to which the fact that metric weights 
and measures are now almost exclusively used in such cases, 
bears testimony ; but it by no means follows that they are 
equally well adapted to the requirements of the engineer or 
mechanician, nor that any real advantage whatever would be 
gained by compelling the one to conform to the practice of 
the other. Those who desire the overthrow of our present 
system for the sake of uniformity can hardly be aware of the 
sacrifices they would impose upon the manufacturing industry 
of the United Kingdom, nor can they consider the extent 
of the change, which for the time being would carry the in- 
convenience of a mixed system throughout the enormous 
area over which the English language is spoken. Moreover 
the loss which would be caused by the alteration or replace- 
ment of all the present gauges and measuring apparatus, 
and of many of the machines and tools used in our work- 
shops, which would in itself be sufficiently considerable, 
would probably be a less serious matter than the overthrow 
of all the practical data and rules of calculation by the use 
of which we have arrived at our present superiority in me- 
chanical manufactures ; so that there is little doubt that the 
disadvantages involved in the adoption of the mbtre, or any 
other new standard, would much more than counterbalance 
the advantage of having the same language of measure as 
our neighbours. 

These and other considerations led Sir J. Whitworth to 
suggest the retention of the inch — ^which is in fact the unit 
of length for mechanical purposes — its subdivisions only 
being changed from vulgar to decimal fractions. This simple 
alteration provides us with the means of recording measure- 
ments of any required degree of minuteness, and so far from 
provoking the opposition which the attempt to implant an 
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entirely new system would encounter, it has already made 
■great progress towards general adoption. 

Turning now from the consideration of the terms in which 
our measurements are expressed, to the practical means em- 
ployed for their detennination, the first thing 
which claims our attention is the Measuring- 
Tule. Fig. 2 represents the form most com- 
monly employed by mechanics, which consists 
of a strip of box 01 lance-wood 2 feet in 
length, divided throughout into inches, half- 
inches, quarters and eighths — occasionally 
into sixteenths — jointed at the centre, so as 
to enable it to be carried in the pocket At 
the back of these rules there is frequently 
a brass slider, i z inches long, which is marked 
with inches on its interior and with logarithmic 
scales on its exterior surface. The fonner 
are useful for enabling the workman to mea- 
sure the depth of a groove or cavity ; but he 
is seldom at the pains to make himself ac- 
quainted with the latter, though a few simple 
lessons in it would teach him that he carries in 
. his pocket many hundred times as much power 
of calculation as he has in his head. The 
cheap rate at which these rules are sold is 
the only excuse for iheir usual inaccuracy. Two-fooiRuit 
But various other forms of rule, made of wood, 
ivory, and metal, far too numerous for mention here, are 
to be found at every tool and instrument maker's shop ; 
of which — as is the case with most other articles — the 
price generally regulates the quality. In order to ensure 
greater accuracy of measurement than can be expected 
from the cheap rules with which workmen usually provide 
themselves, and also to guard against the error which may 
result from the use of mixed dimensions (some quantities 
such as i' i" and rr" being liable to be mistaken for each 
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other). Sir Joseph Whitworth provides his workmen with 
weli-made 20-inch rules, divided decimally throughout their 
whole length ; all his working dimensions being expressed 
in inches and decimals only. The cost of these rules is a 
mere trifle, and the simplicity of their graduations renders 
them much more easy to use than those of the ordinary 
kind, which are frequently rendered complicated by hav- 
ing the inches on one edge divided into eighths, on another 
into tenths, on others again into twelfths and sixteenths, 
and in addition have the foot divided decimally. 

Larger dimensions, when required but roughly, are most 
readily taken from a measuring tape. To obviate the 
tendency of linen tapes to stretch, steel ones have been 
introduced ; but for accurately setting out long lengths, they 
are never likely to displace the simple expedient of using 
a pair of deal measuring rods each of the exact length of 5 
or 10 feet, which are alternately placed end to end the re- 
quisite number of times. For still greater lengths as in 
measuring land, &c., the surveyor's chain either of 66 or 
100 feet, is exclusively used — but this does not come within 
our present subject 

With straight and inflexible measuring scales or rules, 
however, it is evident that many of the dimensions which 
are required in the workshop, cannot be obtained directly. 
This is true of almost all cylindrical, as well as of many 
Other forms of frequent occurrence, the most simple method 
of determining the size in such 

5,/*\ cases being to apply to the inac- 
■.j7\ cessible portion of the work a pair 
\ f\ J of callipers, which ordinarily con- 
' VV '/' ^'*' simply of two curved steel legs 
_i.^i^ (Rg. 3), stiffly jointed togetherafter 
""" . the manner of a pair of compasses. 

The pomts of these are set to such 
a distance apart, that they are just able to pass freely 
over the cylinder or other article to be measured, its 
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diameter or thickness being then found by laying the callipers 
upon an ordinary rule. It will be observed that the pair shown 
in the engraving can be used not only for outside dimen- 
sions, but also for inside ones, provided that the size of the 
aperture is sufficient to admit them. Two other forms of 
plain callipers will be found represented in Fig. no; and yet 
others are made, amongst which may be mentioned sliding 
callipers, in which the pivoted joint is dispensed with, and 
a graduated sliding bar substituted. These, which some- 
what resemble the thousandth gauge, Fig. 9, are true measur- 
ing instruments of considerable delicacy, and are not open 
to the charge of inadequacy for any but rough measure- 
ments. This, on the other hand, may justly be urged against 
callipers of the ordinary kind, which, although tolerably 
satisfactory correspondence between two pieces of work 
may be obtained with their assistance, are of comparatively 
little use for determining their true size. To do this entails 
the conversion of the end or contact measure, which is ex- 
pressed by the distance between their points, into the line- 
measure marked on a scale or rule — a task by no means 
easy even in the case of rough measurements, and one 
which, when scientific accuracy is necessary, becomes a 
serious difficulty. 

It may be mentioned in passing that the following is the 
only way of doing this correctly which has yet been devised. 
A line is drawn across each of two end-measuring bars, at 
or near their centres ; their ends are then placed in contact 
with each other, and the distance between the Hues is read 
with a pair of microscopes, such as are used for line- 
measure. Both bars are then turned end for end, and the 
distance between the lines is again read ; the mean of these 
two readings gives the length of each bar. Since, as we 
shall hereafter see, all workshop measurements except those 
of an approximate character are obtained by some form of 
contact measure, the difficulty of this operation forms a 
strong argument in favour of the dissemination of end-mea- 
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sure copies of the standard, by which private measuring 
instruments may be verified when necessary, as has been 
strongly recommended by Sir Joseph Whitworth. 

In determining the thickness of metal plates, sheets, and- 
wires, the necessity for some apparatus in which small dif- 
ferences could be taken into account must have long ago 
made itself felt To these not only is an ordinary rule 
generally inapplicable, its subdivisions, even if it could be 
applied, are altogether insufficient for the purpose. In con- 
sequence of this, it has become the universal custom to 
measure these (at least when they are of no great thickness) 
by means of a wire or plate gauge^ which is in fact a simple 
kind of contact measure, formed by cutting a series of par- 
allel-sided notches of varying widths, round the edge of a 
small plate of steel. In default of any means of ascertaining 
the true width of these notches in parts of an inch or of a 
foot, they have come to be distinguished by a purely arbi- 
trary series of numbers. The Birmingham wire gauge (one 
form of which is shown — one quarter of its real size — in 
fig. 4, the notches being distinguished by the numerals 
from I to 26), may be taken as the type of these gauges ; 

but unhappily it is by no means the only one. 
Local requirements and the insufficiency of 
the * B. W. G.' series (for by these letters the 
numbers which belong to this gauge are dis- 
tinguished) have brought various others into 
use ; and since in their case, as in its own, 
the sizes are arranged and numbered on no 
definite principle whatever, and no sort of 
f7g74. correspondence exists among them, great 

Birmingham confusiou and want of uniformity in these 
auge (i . g2^^ggg prevails. From this the only chance 
of escape seems to lie in their total abolition, and the 
substitution of some entirely new gauge, which shall be 
sufficient for all ordinary purposes, and whose distinguishing 
numbers shall be arranged in a rational manner. Thanks to 
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Sir J. Whitworth — to whom we so constantly have to express 
our obligations, and to whose valuable * Papers ' * we are 
much indebted — ^this is now in a fair way to be accom- 
plished. He has carefully compared the principal gauges 
now or till lately in use, and he has drawn up a table (a 
portion of which is given below), in which not only is a 
definite series substituted for the erratic mode of progression 
which prevails in the Birmingham and other gauges, but the 
numbers possess this immense advantage, viz., that they 
represent the actual sizes expressed in thousandth parts of 
an inch. By this simple alteration several gaps are filled 
up, so that we are enabled to gauge sizes for which the old 
gauges had no numbers, and in addition to this we are 
relieved from the inconvenience of having the same size 
expressed by two or more different numbers, which was 
frequently the case before. As an instance of it we may 
mention that No. 24 of the new gauge represents the fol- 
lowing numbers in five of the old gauges : — No. 23 of the 
Birmingham Wire Gauge ; No. 10 of the Birmingham Plate 
Gauge; No. 72 of the Lancashire Gauge; No. 12 of the 
Music-wire Gauge ; and No. 6 of the Needle- wire Gauge ; 
the size in each case being '024 of an inch. 

Although gauges of this kind generally consist of notched 
steel plates, more or less resembling Fig. 4, they may be, and 
occasionally are, made upon a different principle. Some of 
these liave but one very slightly tapered opening, instead of 
being provided with separate notches for each of the thick- 
nesses to which they are to be applied ; the number of any 
wire or sheet of metal being determined by observing the 
distance to which it can enter the opening. A V-gauge of 
this kind is, or until lately was, in use at the Royal Mint. 
When properly graduated, these gauges are capable of 
measiuing the diameter of wire with tolerable correctness, 
but they are not well adapted for other than circular sections. 

* Miscellaneous Papers on Mechanical Subjects: By Joseph Whit- 
worth, F.R.S. : Longmans, 1858. 
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In the Birriiingham and similar gauges, the notches are 
made by drilling a series of holes at some little distance 

Table of the Principal Wire and Plate Gauges, 
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Note — Sizes which differ from those in the first column by more 
than '002 of an inch are marked thus ** ; those of which the difference 
exceeds 'ooi, thus *. All others either correspond exactly, or are 
within -OOI of an inch. 
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from the edges of the plate, with which they are then con- 
nected by saw-cuts of varying widths, the sides of the cuts 
being afterwards made smooth and parallel by driving into 
each notch a hard steel drift of the exact thickness re^ 
presented by the number with which the notch is to be 
marked. The decimal wire gauges to which the above 
table refers are made by Mr. Stubs, of Warrington, from 
standard flat gauges and in general appearance greatly re- 
semble the ordinary Birmingham gauge. 

The range and the uses of this and the other gauges there 
mentioned may be briefly stated as follows : — 

The first column gives the numbers of the Decimal gauge, 
which progress by regular steps, and in all cases represent 
the actual size, as already stated. 

In column 2 is the entire series of the BirmingRam Wire 
Gauge, from No. 0000 to No. 36, with one exception (No. o). 
In the gauges for ordinary use (as in that represented in Fig. 
4), the first four and the last ten sizes are generally omitted, 
the total number of notches being thereby reduced from 40 
to 26. This gauge is much more extensively used than 
any of the other arbitrary gauges — ^wire (with some excep- 
tions), sheet iron, and steel, and frequently also other sheet 
metals, being referred to it. 

In column 3 will be found most of the numbers of the 
Birmingham Plate, or Metal gauge. Whenever the thick- 
ness of sheet metal — ^with the exception pf those mentioned 
below — is expressed by an arbitrary number, this series is 
presumed to be referred to, although the numbers in the 
previous column, with the affix ' B.W.G,* are not unfrequently 
substituted for them. Even when the lower numbers of the 
Plate gauge are used, the series is often considered to end 
at No. 24, the larger, sizes being then borrowed from the 
previous column. Since the numbers of these two gauges 
run in opposite directions, the whole arrangement is well 
adapted for producing confusion. 

Column 4 contains many of the numbers and letters of the 
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Lancashire gauge. Commencing with No. 80, which corre- 
sponds with No. 29 B.W.G., this gauge absorbs all the 
numerals down to No. i, following them up with the whole 
alphabet from A to Z ; after which, still unsatisfied, it recom- 
mences with A. I., B.i.,&c., till it reaches its maximum, H.i. 
(=•494, or nearly half-an-inch). It is used for pinion wire, 
and for round bright steel wire ; * Music wire ' and * Needle 
wire' being exceptions which have distinct and separate 
gauges of their own. ' Rope wire ' and * watch-spring wire ' 
are also similarly favoured. 

Among sheet metals the following are the principal ones 
which are not referred to the Birmingham Plate gauge : — 
I St, Sheet iron and steel, as already mentioned. 

2ndly, Zinc, which being chiefly rolled in Belgium, has a 
gauge of its own, which we give below, sheets of greater 
thickness being referred to the B.W.G. numbers, although 
these run in the reverse direction. 

3rdly, Lead, which is estimated by the number of pounds 
per superficial foot, advancing generally by single pounds 
from 4 lbs. to 1 2 lbs. 

4thly, Copper and Brass, which, when in large sheets 
measuring 4 feet by 2 feet (containing therefore 8 superficial 
feet) is described by the number of pounds in a sheet. This, 
however, does not apply to the 5 -inch and other narrow 
widths of rolled brass, copper, &c., of which the thicknesses 
are expressed by the numbers of the B.W.G.) 

5thly. Tin plate ; which is nbt referred to any gauge, being 
sold in boxes, of which the number of sheets contained in 
each, their weight, size, and the marks by which they are 
distinguished, are given in the subjoined Table. 

Lastly, Plates of iron or steel exceeding 1-8 th (=-125) of 
an inch in thickness, are specified by the number of inches 
and binary divisions of an inch in the width of their cross 
section, being rolled (in ordinary cases) to eighths, sixteenths, 
&c. This enables the weight of any wrought-iron plate to 
be easily calculated by applying the useful rule which teaches 
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us that — Rolled iron weighs 5 lbs. per superficial foot for 
every eighth of an inch in thickness. 

Belgian Zinc Gauge, 
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Another example of contact-measuring instrument, and 
one which is to be met with in every workshop in which the 
accurate measurement of cylindrical work of moderate size 
is frequently required, is to be found in the case-hardened , 
cylindrical gauges, of which an example is given in Fig. 5. 
To enable these gauges to be used for measuring both internal 
and external diameters, they are made in pairs, being called 
respectively External and Internal Gauges. Provided that 
they are correct in the first in- 
stance, no more ready or more 
certain method of testing cylin- 
drical work can be conceived, 
— their simplicity of ,form 
and ample strength being 

for practical use a very high FiG.5.~Extemal and internal Gauges (J) 

recommendation. But each 

gauge can of course only be used for the particular size to 
which it is made, so that a very large number of them is gene- 
rally required. Indeed, a complete set of these gauges is an 
important item in the first outlay upon a fitting shop. Conse- 
quently an original set of standard gauges seldom is, and 
never should be, used, except for the production and correc- 
tion of duplicates, the latter only being handed over for the 
use of workmen. But even when a full complement of 
these gauges has been provided (of which an ordinary set 
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Sizes and Weights of Tin Plates, 
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rises by either loths or i6ths for the first inch, by 8ths for 
the second, thence by quarters up to 6 inches, — beyond 
which they are not usually made) uneven dimensions will be 
frequently found, to occur, for which they render no assist- 
ance. In these cases a measuring machine, such as that 
shown in Fig. 10, will be found to be a most valuable 
adjunct, as it enables the number of standard gauges to 
be greatly reduced, whilst at the same time any inter- 
mediate dimensions can be 
easily and accurately obtained. 
By grouping together the suc- 
cessive numbers of a series 
of external gauges, so that 
about 8 of them are formed in 




Fig. 6.— Stepped Gauge (}). 



one piece, their cost is considerably reduced. Thus modi- 
fied, they are known as Stepped Gauges^ one of which is 
represented in Fig. 6 ; but their construction renders them 
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of more limited application than the gauges last described, 
and the smaller amount of cylindrical surface devoted to 
each dimension renders them liable to more speedy deterio- 
ration. Moreover, as they are not usually provided with 
collars, they cannot be used for outside measurements. 

The cylindrical gauges would be too delicate if made 
smaller than one-tenth of an inch diameter, so that for sizes 
below this down to one-fiftieth of an inch Flat Gauges are 



Ga>ixge 




Fig. 7.— Flat Gauge (full size). 



made, one of which is shown in Fig. 7 ; the two faces of the 
gauge are made true parallel planes. A separate gauge of 
this form was made by Sir Joseph Whitworth for each notch 
in the Decimal Wire gauge before referred to. 

Before, however, proceeding to notice the measuring ma- 
chine just alluded to, it will be well to call attention to one 
or two delicate, but very portable instruments, which, 
although they are not often to be met with in a workshop 
at present, might be more extensively used there with great 
advantage. To a careful workman they are capable of ren- 
dering valuable assistance. 

The simplest mechanical means by which minute quanti- 
ties can be rendered visible would probably be an arrange- 
ment by which the forward motion of a sliding wedge 
should be made to record every slight increase in its thick- 
ness, and instruments on this principle have been proposed 
by Mr. Ramsbottom. Their magnifying power, as it were, 
depends upon the amount of * taper ' given to the wedge ; 
for instance, a wedge 10 inches long and of i inch total 
thickness would have a sliding motion of i - 10th of an inch 
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for each i-iooth of an inch by which its thickness varied. 
A modification of them has been used in the locomotive 
engine shops of one of our large railway companies ; the 
wedge being bent into a circle of about lo inches circum- 
ference. Each complete revolution corresponding to a 
variation in its thickness of i-4th of an inch, i-ioooth of 
an inch can be measured by causing it to revolve through 
about "04, or 1-2 5th of an inch, which is a distinctly visible 
quantity. In most cases, however, this instrument cannot be 
directly applied to the work, and measurements must be 
made through the intervention of callipers. Altogether 
this arrangement of the screw — for such the wedge becomes 
when thus modified — is far inferior in point of convenience 
to that next described. 

Fig. 8 is a half-size drawing of a pocket instrument made 
by Messrs. Elliott Brothers, which is capable of measuring 

very minute quantities. As 

R_^_gpHi^HM| ordinarily made the screws 
^■kBjgtt^HBHH have 50 threads to an inch, 
= their heads having 20 divisions 
^ on the circumference. Each 

division therefore corresponds 



Fig. 8.— Thousandth Gauge (i). tO a longitudinal motiou of 

I- 1 000th of an inch on the part 
of the screw ; but this by no means represents the limit of 
delicacy which can be obtained on this system. It should 
be noticed that any slight error in the number of threads 
per inch which there may be in the screw, can be corrected 
in graduating one of these instruments .by recording the 
number of its revolutions on a spiral line, instead of on 
one parallel to its axis. The milled portion of the head is 
sometimes provided with an independent * Breguet ' motion, 
which obviates any tendency to put too much or too little 
pressure on the article which is being measured. 

Another form of instrument, which may be carried in the 
pocket, is shown — also half size — in Fig. 9, the original 
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from which our engraving has been taken having been made 
by Mr. Holtzapffel. The scale A is marked with inches, 
which are divided into fiftieths. By means of the vernier B 
each fiftieth can be divided into 20 parts, the distance between 
the inside knife-edges of the jaws C C being thus read off 
to the thousandth part of an inch. These jaws being each 



c c 




Fig. 9. —Sliding Thousandth Gauge (i). 

made exactly i-ioth of an inch wide for a portion of 
their length, they can be used to some extent for inside 
dimensions, two-tenths of an inch being in this case added 
to the reading given by the scale. Either this or the pre- 
vious instrument can be used for all the purposes to which 
the complicated ^vire and plate gauges above mentioned are 
applied, and for many others in addition. 

But for verifying working copies of gauges — for ensuring 
the accuracy of the various templates or patterns of size 
which are in daily use in the workshop — for maintaining 
constant uniformity of measurement, so that perfect agree- 
ment shall obtain between any articles of the same dimen- 
sions, even. though produced at distant periods of time; for 
all these, and for many similar purposes, the measuring ma- 
chine, with a brief notice of which we will conclude this 
chapter, leaves nothing to be desired. It has been specially 
designed by Sir Joseph Whit\^'orth for workshop use, and, as 
the great importance of accurate measurements in machine 
work becomes more and more generally appreciated, it will 
doubtless be found to be an increasing necessity therein. 

The reader who has followed us through the description 



32 Workshop Appliances, [Chap. 

of the millionth measuring machine (Fig. i,) given at a pre- 
vious page, will be able without assistance to understand the 
general construction and method of using the less delicate 
instrument of which Fig. lo is a perspective view. We shall 
perhaps therefore best describe it by calling attention to the 
chief points in which it differs from the previous machine. 
In the first place let us call to mind the difference in the 
duties which each of them has to perform. With regard to 
delicacy of measurement their respective requirements are 
as far removed from one another as is the accuracy demanded 




Flo. lo.— Michinc for Maiurii 



of a scientific standard from that which suffices for com- 
mercial purposes ; so that whereas in the one case it is of 
the greatest importance to be able to record the most 
minute quantities — we have seen how the millionth part of 
an inch can be rendered visible, and if it were possible it 
would doubdess be desirable to take into account yet 
smaller fractions — in the other, it is useless to provide the 
means of measuring distances, of which it is at present im- 
possible for us to take cognisance in mechanical handicraft 
On this account this latter machine is provided with gradua- 
tions, each of which corresponds only to one ten-thou- 
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sandth part of an inch. But the principal differences in its 
appearance are due^ not to this diminution in magnifying 
power, but to the necessity for enabling this machine to 
admit articles of greatly varying size and form ; since, if it 
could be applied only to measuring the length of bars of 
one particular section, it would be of comparatively little 
use in the workshop. On this account the headstocks, 
which in Fig. i are cast in one piece with the bed of the 
machine, are here separate castings ; one of them being fixed 
at the end of the bed, the other capable of being moved to 
any part of it, and clamped there. The bed bears much 
resemblance to that of a small turning lathe, as also does 
each of the headstocks to the poppet, or sliding headstock, 
by which the back centre is supported. This movement of 
the headstock, which is effected by turning the small wheel 
at the left-hand side of the figure, rotation being thus im- 
parted to a quick-threaded screw within the bed, enables 
the ends of the sliding bars to be placed at one foot or at 
any smaller distance from one another, whilst — owing to the 
height at which they are supported above the bed — a cylinder 
of as much as six inches in diameter can be brought into 
position for measurement between them. 

The graduated portions of the instrument are three in 
number — in the first place the inches from i to 12 are marked 
upon the surface of the bed, so that the moving headstock 
can at once be approximately placed at the required dis- 
tance j secondly, the small wheel carried by this headstock 
has 250 divisions round its circmnference, each complete 
revolution of this wheel corresponding to a backward or 
forward movement of one- twentieth of an indi on the part 
of its sliding bar (that being the exact pitch of the screw to 
which it is attached) ; and lastly, the large wheel of the 
fixed headstock has 500 graduations upon its rim. The 
screw to which it is attached having also 20 threads to 
the inch, rotation through the space of one of these gra- 

D 
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duations causes the sliding bar in this case to move 
through -^ X 3^ = one ten-thousandth part of an inch. 
The capabilities of this machine will thus be seen to be far 
more extensive than those of the other and the more sensi- 
tive instrument, and although its performance may be less 
calculated to excite surprise and admiration, it is far better 
adapted to the fulfilment of every-day requirements. In 
using it standard bars and cylindrical gauges are of course 
required, this, like the former, being intended for making 
comparisons rather than original measurements ; but, as we 
have before pointed out, a small number of carefully kept 
standards only are necessary, since intermediate steps in the 
series can be readily filled up, owing to the facilities which 
the graduated wheels afford for increasing or diminishing, 
within considerable limits, any dimension which has been 
accurately obtained from a standard bar or gauge. In the 
comparison of bars, a simple form of support for them be- 
tween the headstocks is desirable, since a * feeler * can then 
be used in the manner already pointed out ; but in the case 
of cylindrical gauges, or portions of work, the operation can 
be easily effected without such assistance, the gauge or 
other article being merely held in the hand and passed be- 
tween the ends of the sliding bars. When the true adjust- 
ment has been given to the machine it has been found that 
an alteration of one forty-thousandth of an inch in the 
distance between the bars causes a distincdy perceptible 
increase or decrease in the resistance which the cylinder 
encounters in passing between them. Large gauges, &c., 
which are too heavy to be conveniently held in the hand, 
may be suspended vertically over the machine : the adjust- 
ment can then be given as correctly as in the case of the 
very smallest articles. 

A fi*equently recurring example of the advantage of fine 
measurements in mechanical work, which will serve well to 
illustrate the use of this machine, occurs in fitting together 
two portions of a piece of work — such as a wheel upon an 
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axle. If it be required to revolve, the diameter of the bear- 
ing must be somewhat larger than that of the axle ; if to be 
driven on so as to fit tighdy (as unhappily is the case in 
railway wheels), the diameter must be somewhat smaller. 
For either purpose the best result only is obtained with one 
particular amount of difference between the external and 
internal diameters ; and although this can only be leamt by 
experience, yet, when learnt, it should for the future be 
adhered to. Let us take the case of an external cylindrical 
gauge being required for this purpose 4*003 inches in diameter 
— that is to say, one which shall exceed that of a standard 
4-inch gauge by three-thousandths of an inch (and it may be 
mentioned that one-thousandth more or less makes all the 
difference between a good fit and a bad one). The moving 
beadstock of the machine having been clamped at the 4-inch 
division on the bed, its wheel is adjusted till the 4-inch 
standard gauge can just pass freely between the ends of the 
sliding bars ; the largest wheel upon the fixed headstock 
having been previously set to o, or zero. This wheel is 
then moved through 30 divisions, which gives the exact 
difference required in the distance between the sliding 
bars. Perfect but free contact with their ends on the 
part of the proposed * difference gauge* then proves its 
correctness. 

Difference Gauges are usually made in sets of three, those 
used for gauging the bores of rifles, rising by one 5000th of 
an inch. 
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CHAPTER II. 

ON HAND-TOOLS USED FOR WOOD. 

In his well-known work on ' Turning/ ^ &c., Mr. Holtzapffel 
divides the cutting-tools used by hand into three classes, 
viz., paring tools, scraping tools ^ and shearing tools. He 
admits, however, that this classification is open to criticism, 
and although we shall be much indebted to Mr. Holtzapffel 
in the course of this and some of the succeeding chapters, 
and are glad to bear testimony to the value of his work, we 
may be pardoned for noting at the outset one or two objec- 
tions to this mode of grouping. 

Paring, or splitting tools, are therein defined as having 
*thin edges, the angles of which do not exceed sixty 
degrees ; one plane of the edge being nearly coincident with 
the plane of the work produced (or with the tangent, in 
circular work).* ' Scraping-tools,* on the other hand, have 
' thick edges, that measure from sixty to one hundred and 
twenty degrees. The planes of the edges form nearly equal 
angles with the surface produced ; or else the one plane is 
nearly or quite perpendicular to the fece of the work.* Yet 
joiners* planes are placed in the first group, of which the 
small facet produced in sharpening the iron on an oilstone 
is said to form an angle of io° with the surface of the work; 
and saws are placed in the second, although the back of 
each tooth may also be inclined io°, or even only 5°, to the 
cut which it produces. Moreover, under the above defini- 
tions, even a wood-chisel, the type of paring tools, loses its 
title to being classed among them, when, in the hands of the 

J Turning and Mechanical Manipulation* By Charles Holtzapffel : 
London, 1843 
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turner, it is applied perpendicularly to the surface of the work, 
as is sometimes the case. Thick edges, as distinguished 
from thin ones, seem to offer but little help out of these 
difficulties of classification. Under the head of * paring- 
tools,' we find *most of the engineer's cutting, turning, 
and planing tools for metal,' in spite of the thickness of 
their cutting edges, whereas razors (although Mr. Holtzapffel 
consistendy includes them among paring tools) ou^t 
surely, if they deserve their name, to be classed among 
scrapers. 

A better distinction would probably be one in which, 
in addition to the inclination of the tool, the direction oJF 
the force applied to it was taken into account; though 
whether on this, or on any other basis, a rigid classification 
could be carried out, seems very doubtful. Certain it is, 
that at least in cases where continuous rapid motion is 
imparted to a tool, or to the work with which it is brought 
into contact — ay, for instance, in the case of a circular saw, 
the cutter of a rotary planing-machine, wood in the process 
of being turned, &c. — the effects produced are quite as 
dependent upon the speed, as upon the angle and inclination 
of the cutting edge ; a fact which must not be lost sight of 
in reducing to definite groups the miscellaneous collection 
of implements comprised under the head of * cutting-tools.' 
No such attempt, however, will be made in this and the 
following chapter, in which it will be impossible for us to 
do more than to glance briefly at the more ordinary types 
of hand-tools — some insight into tlieir principles being 
essential to the proper understanding of the action of the 
various machine-tools which form the main portion of our 
subject. 

It should be observed that simplicity in the form of a tool 
by no means impHes facility in its use. Indeed, the very 
reverse of this is much nearer the truth, and within certain 
limits it may be said that the more simple the tool, the 
greater is the skill required to use it properly. An extreme 
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instance of this will be found in the scriber, which is so 
simple in its form as doubtfully to rank among cutting-tools. 
It consists merely of a straight pointed piece of steel of 
circular section, and it is used by workmen for marking on 
metal, just as a pencil is used for marking on paper. The 
working part of it being merely a point, it has, when used 
alone, no tendency to move in one direction more than in 
another : the * guide principle,' as it has been termed, being 

entirely absent A straight, or curved line, 
can therefore only be described with it, if 
the workman is sufficiently skilful to guide 
it perfectly correctly with his hand, which in 
mechanical work is out of the question. A 
scriber is in consequence invariably used in 
conjunction with a guiding edge of the re- 
quired form — the difficulty of using it alone 
being for all practical purposes insuperable. 

Neglecting metal tools for the present, we 
will confine our attention to those used for 
wood. Foremost among them is the axe (Fig. 
ii), the general form of which seems to have 
undergone but little change since the date of 
flint implements, to some of which the axe- 
head — more especially the American pattern 
(Fig. 12) — bears no inconsiderable resemblance. This 
pattern, however, which is less cumbrous than the ordi- 
nary EngHsh axe, has come considerably 
into use in this country. Both of these 
are sharpened by being ground equally on 
each side of the cutting edge. 

When it is necessary to produce a com- 
paratively flat surface with an axe — as, 
for instance, in squaring logs of timber — 
a modified form, known as the side-axe, is used, of which 
the edge is ground on one side only. The flat, or unground 
side, then forms a guiding surface, which enables successive 



Fig. IX.— Axe (J). 




Fig. 12. — American 
Axe-head (^). 
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cuts to be made with an amount of precision unattainable 
with an ordinary axe. 

Stiil greater accuracy can be 
obtained with theorf3«(Fig.i3), 
though this is in great measure 
due to the manner in which 
it is held. Standing upon his 
work, and planting his blows 
with wonderful effect upon the 
timber beneath his feet, a good 
workman wields his adze with 
such certainty, that he can 
split the sole of his slipper 
without fear of even grazing 
the skin of his foot. An 
equally good tool for small 
work is the Aand-ad^{Fig. 14). 
In this the handle is attached 
by an iron strap, in a manner 
quite as effective as the usual 
plan of driving it upwards 
through an eye, and it can be 
liberated by a single blow from 
a hammer. Although made 
in Sheffield for exportation, 
this tool has never come into 
use in this country, though it 
might do so with advantage. 
Indeed, in the use of most of 
the varieties of axe, we must 
fconfess inferiority to our trans- 
Atlantic and other neighbours, 
who export instead of import- 
ing their timber. 

For the magnitude of their effects in comparison to the 
amount of energy expended, the various forms of axe and 
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adze certainly stand unrivalled amongst wood-tools, com- 
bining as they do the cleaving power of a wedge, with the 
force of impact of a hammer. They are, therefore, univer- 
sally applied for heavy timber work, in the preliminary stages 
of which they give invaluable assistance. Their edges, 
however — more especially those of ordinary axes — have so 
small an amount of guiding surface, that a very high degree 
of skill on the part of the operator is necessary, in order to 
make the cut in the desired position and direction. It is of 

course advantageous for the 
edges of these tools to have 
as small an amount of thickness 
as is consistent with sufficient 
strength to resist the treatment 
to which they are subjected ; the 
angles of their cross sections 
therefore vary from about 25° to 
40°, according to circumstances, 
those of the side-axe and adze 
generally approaching the smaller, 
and that of the common axe the 
larger of these angles. 

Figs. 15 and 16 show respec- 
tively a cast-steel firmer chisel^ 
and a steel-faced socket chisd^ 
which differ from one another 
chiefly in the provision for the 
Firmer ckbei (J). Socket Chisel (J), attachment of their handles. Like 

the side-axe and the adze, chisels 
of this kind have * single bevelled' edges, being ground on 
one side only. By keeping the unground side pressed closely 
against the work, the tendency of the edges to run into the 
material can be completely resisted ; the even pressure with 
which a chisel is driven where thus used for paring, being 
especially favourable to this application of the * guide prin- 
ciple.' In this manner small surfaces can be made almost as 
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Fig. x6. 
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flat as with a plane ; but it should be observed that this can 
only be done as long as the original flatness of the unground 
face of the chisel is not interfered with. 

In the mortice chisel (Fig. 17;, which may be either firmer 
or socket-handled, the guiding power of the unground face 
is also taken advantage of in cutting the vertical sides of 
mortices. Chisels of this kind have considerable extra 
thickness given to the blade, to enable them to stand the 
rough usage which they are liable to 
meet with. The width of their edges 
and that of carpenters' chisels gener- 
ally is rarely less than ^th of an inch, 
or more than 2 inches. All of these 
are sharpened by grinding them on 
one side only, as abeady stated {but 
which cannot be too strongly im- 
])ressed upon a beginner), at an angle 
of from 20° to 30°, according to the 
hardness of the material to be ope- 
rated upon, a small facet at a some- 
what greater angle (ordinarily exceed- 
ing the former by about 10°) beii% 
afterwards formed upon an oilstone, 
for the purpose of giving a smooth 
and clean cutting edge. M.rti^°c^i«>. 'oZi^t). 

The carpenter's gouge (Fig. 18) 
is also either socket or firmer-handled, and it is ground 
and set in the same manner, and at much the same angles 
as the foregoing, but the bevel being generally on the convex 
side, its cut is much less easily guided. 

Except for the removal of moderately thin or narrow 
shavings, the pressure of one or both hands is insufficient 
for working a gouge or chisel. It is then propelled by suc- 
cessive blows upon the end of its handle, for which pur- 
pose a mallet (Fig. 19) is much to be preferred to a hammer. 
The latter, whilst more destructive to the handle of the 
tool, is less effective in driving it into the work. 
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From the carpenter's paring chisel, an easy step leads us 
the draw-knife (Fig. 20), for although they differ greatly 




Fig. ai.~Spol,Khavc (U 



Fio. .9— Mallet «) 



in form, the depth of their cut is controlled in a predsely 
similar manner. This consists, as previously mentioned, in 
keeping the flat side of the blade towards the surface of the 
work, its tendency to nm into it being either wholly or 
partially resisted by raising or depressing it. From the 
position of the handles, it is 
obvious that a draw-knife could 
not be applied to a surface 
whose width exceeded the length 
of the cutter; but, in fact, its 
use is much more restricted by 
the amount of power which is 
necessary to remove, even from 
f^soft wood, a shaving which is 
' wide as well as thick. Neither 
this, nor any of the preceding 
tools, the depth of whose cut is dependent upon the inclina- 
tion of the cutter, are competent to remove very thin, or 
uniform shavings. 
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With the spokeskave (Fig. ai) this is to some extent pos- 
sible, for this tool will be found on exa,mination to differ 
from the preceding in principle, much more than in form. 
Fig. 22 represents a section through the centre of a spoke- 
shave, from which it will be seen that the piece of (beech or 
other) wood which carries the cutter, is not in this case 
merely a convenient form of handle; it is an integral part 
of the tool itself. Running along the whole length of the 
blade, it forms a guide which renders it impossible for the 
cutting edge to penetrate the work beyond a certain fixed 
depth. By regulating this depth we ought to be able to 
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remove with this instrument perfectly uniform shavings of 
any required degree of thinness. But in practice, a spoke- 
shave is by no means as efficient a tool as it would appear 
to be, and it is never employed where much accuracy is 
required. The effect of use is to enlaige the mouth (i.e. the 
space between the wooden guide and the cutting edge), more 
especially towards the centre, where it gets most work. 
Grinding the cutter further increases this evil, and the cutter 
itself— of which the upturned ends are rather obstacles to 
sharpening — is liable to have its edge much thickened by 
the process. This, however, is partly prevented by forming a 
groove in its upper surface, which can be seen in the section. 
In the various kinds of surface plane, the whole of these 
defects are remedied, and the result is a beautiful instrument, 
which for accuracy of performance surpasses all other hand 
tools. The general forms of the jack plane (Fig. 23), and of 
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Fig. 24. 
Smoothing Plane (J). 



the smoothing plane (Fig. 24), are too well known to need 
description, but the requirements which have given rise to 

these forms deserve a little consider- 
ation. 

In the first place, with reference 
to^ the stocky which is generally made 
6f beech wood, and which carries 
the cutter, or plane-iron^ as it is 
called. Through this stock there is 
a vertical aperture, of which the 
lower portion serves the same pur- 
pose as the wooden guide in the case of the spokeshave, 
and forms, with the cutting edge, the mouth of the plane. 
This, as we have seen, would be sufficient to regulate the 
penetration of the cutter, but it would not prevent it from 
following all the inequalities of the surface to which it is 
applied. Now the object of planing a surface is to render it 
flat, by removing its inequalities, and for this it is necessary 
that the cutter should act upon the projecting portions only. 
This end is simply and effectually attained by giving con- 
siderable length to the stock, which causes a plane, in 
operating upon a rough piece of wood, to remove successive 
shavings from the more prominent parts, until they are all 
brought down to the level of the deepest depression in its 
surface. When this has been done, a continuous shaving 
can be taken from the whole length of the piece, and the 
surface (if narrow) is approximately flat. How nearly it 
approximates to perfect flatness depends upon the skill of 
the workman, who knows, among other things, that he must 
try to plane it slightly 'hollow,' rather than * round,* since, 
if he uses a plane sufficiently long in the stock, it is impos- 
sible for him to give any great amount of concavity to a 
surface of moderate size. For this reason jack planes, with 
which the first roughing-out of a surface is done, have as 
much length given to them as is possible, without making 
them cumbrous — /.^., from about 14 to 17 inches. Ttying 
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(or tme-ing)//o'MJ, whose office is to correct the inequalities 
left by the former, are from 32 to 24 inches, or — if intended 
for making long joints, in which case they are caXitA jointers 
— 28 to 30 inches ; whereas smoothing 
planes, which have merely to give the 
finishing cut to the ahready flattened sur- 
face, are only about 8 inches long. 

The plane-iron, of which the lower part 
of one face only is made of steel, 
formerly a simple chisel-like blade from 
|ths to Jths of an inch narrower than 
the sole of the plane ; but this has been 
greatly improved of late years by attach- 
ing to its upper surface a second inverted 
blade of the same width as the first. To- 
gether they form the double-iron shown in 
Fig. 25, which for surface planes has almost . 
entirely superseded the old single-iron. 
The top-iron, though it takes no part in the cutting of a 
shaving (and consequently when once sharp it never a^jsxa 
requires sharpening), enables the bottom-iron to make a 
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much cleaner cut, more especially when the grain of the 
wood is unfavourable. Fig. 26, which shows in section 
the mouths of a single, and of a double-iron plane will 
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explain the reason of this. It must be borne in mind that 
the tendency of a cut to run with the grain of the wood 
in advance of the cutting edge, which is sufficiently ob- 
vious in removing a thick shaving, exists also, though to a 
less degree, in the case of a thin one. This results, when 
the direction of the grain is unfavourable, in the continual 
tearing up of the fibres of the wood in front of the plane 
iron, to an extent which depends upon the thickness of 
the shaving and the frequency with which it is broken ; 
for the more often this is done the less leverage can 
it exert in tearing up the succeeding fibres. Now an 
ordinary plane has a pitch of aboujt 45°, i.e, the bed upon 
which the iron rests is at that inclination, and this angle is 
insufficient to break a soft-wood shaving if moderately thin; 
so that although the shaving is smooth, the surface of the 
work is liable to be left rough. As a remedy it might be 
suggested to increase the pitch ; but this, though it would 
certainly improve the breaking-power of the iron, would 
tend to make it scrape instead of cutting. So recourse is 
had to the double-iron; in which the duty of the top-iron is 
simply to break the shaving as soon as possible after it has 
been cut. By means of the screw (a, Fig. 25) which keeps 
them in contact, it can be set at any required distance from 
the edge of the bottom-iron, but the more closely it is set 
the more often is the shaving broken, and the more power 
has the workman to expend in the operation. It is there*- 
fore set very close to the edge for finishing cuts, when the 
shavings are very thin, and farther from it when they are 
thicker, the maximum being about ^^^h of an inoh. 

We mentioned above that the ordinary angle of the bed 
upon which the plane-iron reposes, is about 45° from the 
sole. This is known as common-pitchy and is adopted for all 
surface or bench-planes for soft wood. But for the harder 
kinds of timber, in the working of which a nearer approach 
to a scraping action is admissible, an increased pitch is 
adopted with advantage. Mr. HoltzapfFel states that the 
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angle of that known as York-pitchy which is used for bench- 
planes for mahogany, wainscot oak, and other hard and 
stringy wood, is 50°, that of middle-pitch 55°, and that of 
half-pitch 60% these two being used for moulding planes 
for soft and hard wood respectively. The angle of the bevel 
produced by grinding the bottom iron of a plane is about 
25°, the small facet formed upon the oilstone having— as in 
the case of a chisel — a further inclination of some 10°, so 
that the actual angle of the cutting edge is about 35°. Upon 
the maintenance of this angle, and upon the perfection of 
its edge, the performance of a plane-iron so greatly depends, 
that we shall do well to mention here the principal points 
which must be attended to in the important and frequently 
recurring operation of sharpening a bench- plane. 

The requirements for this purpose are : first, a grind- 
stone, flat as to its edge or * face,' true, and of good quality ; 
secondly, a good and flat oilstone. Of the various kinds of 
stone we shall have more to say hereafter. The wedge 
which holds the plane-iron having been released, — in the case 
of a smoothing plane by one or two blows from a hammer 
or mallet on the hinder end of the stock, in that of a jack 
or other long plane, by similar blows upon its upper surface 
near the opposite extremity, — the double-iron can be re- 
moved from the aperture in the stock. The upper iron 
should then be separated from the lower by loosening the 
screw (a. Fig. 25) and passing its head through the enlarged 
end of the slot in the lower iron. As already stated, the 
top-iron, when oncef brought to its proper shape, requires no 
fiirther treatment whatsoever, its sharp edge being only 
necessary to ensure its perfect contact with the face of the 
bottom-iron, by which, when in use, it is completely pro- 
tected. Laying this aside therefore, the operator confines 
his attention to the bottom-iron, grinding it when necessary 
with a single bevelled edge, inclined to the face at 25® or 
'thereabouts, and in all cases finishing it by rubbing it upon 
ithe oilstone, at an inclination of about 35**. As in the case 
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of a chisel, the face or unground side should either be left 
altogether untouched, or should at most be laid perfiectly 
flat upon the oilstone, and be slightly rubbed upon it. No 
attempt should ever be made to grind this side of the iron 
or in any way to impair its flatness. 

. When an edge, keen, uniform, and at right angles to the 
sides of the iron, has been thus produced, the top-iron must 
be replaced, screwed up securely, and the double-iron be 
returned to the stock. The wedge which holds it being 
driven up lightly in the first instance, the plane is then 'set * 
by a succession of taps with a light hammer upon the end 
of the iron, or upon the stock, according as the projection 
of the edge below the sole is insufficient or excessive. By 
running the eye along the sole from front to back, the 
amount of this projection can be easily seen. It must of 
course vary with the thickness of the shaving which it is in- 
tended to remove, the wedge being driven up when the 
desired set has been obtained. 

In course of time the mouth of a plane gets considerably 
enlarged, by which its power of breaking the shavings is 
diminished and its action interfered with. To remedy this, 
the part of the sole immediately in front of the cutter is occa- 
sionally made of iron. Cabinet-makers, who carry the use 

of the plane to the greatest 
perfection, use stocks which 
are wholly or in great part 
made of iron or brass. 
Some of these have a single 
iron inverted, instead of a 
pj^ ^ double one, more especially 

Section of Mouth of Brass Plane. if (like mitre-plafies) they 

are intended for planing 
across the grain of the wood, when no special precautions 
for breaking the shavings are required. The mouth of a 
plane of this kind is shown in section in Fig. 27, the 
stock being entirely of brass with the exception of a piece 
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of wood upon which the iron is bedded. The angle of the 
bed is in this case only 21°, but the reversed position of the 
iron, which is ground at an angle of 20" and set at about 30°, 
makes it equivalent to a pitch of about 50°. The extreme 
fineness of the mouth coupled with this increase of pitch 
compensates for the absence of a break-iron in planing hard 
and cross-grained wood, even in the direction of its fibres, 
with a tool of this kind. In this as well as In the preceding 
sections the portion of the blade which is left white ap- 
proximately indicates the portion of the ' iroa ' which is made 
of steeL 

The various forms of plane for special purposes are too nu- 
merous even formention here. Amongst them are: mouldit^- 
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planes (Fig. 28), for 'running ' various kinds of beads, flutings, 
ogee and other mouldings, which have their soles made of hard 
wood and formed to the converse of the mouldings they 
produce ; rebate-planes, in which the lower part of the plane- 
iron is increased to the full width of the sole, and is 
fi'equently set obliquely ; and many others, of which the 
irons are single, and the performance more or less defective. 
But since the introduction of wood-moulding machinery, 
their occupation has in great measure gone. A very useful 
but complicated form of plane is xht plough shown in Fig. 
29, which is capable of cutting grooves of varying widths, 
depths, and distances from the edge of the work. 
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But we must pass on to what is perhaps the most indis- 
pensable of all tools to the wood worker, viz., the saw. 
Though the forms of the teeth of different saws vary con-- 
siderably, those in general use in this country may be re- 
ferred to the three types shown in Fig. 30. The first of 

these (a) is the one usually 
adopted for the teeth of hand- 
saws, tenon- and dovetail-saws, 
and most of the others which 
are used single-handed, and it 
will best serve us in considei^ 
ing the action -of saws in 
general. 

Each individual tooth may 
be not inaptly compared to 
a very narrow chisel, which 
being passed with a light 
scraping action many times in 
succession over the material 
produces a groove by the re- 
moval of successive portions 
of it Or we may even go a 
Fig. 30.— Formsof Saw-Teeth. a Hand- step farther, and Compare each 
teeth, c Crosscut teeth. tooth to the cutter of a plane, 

the duty of the stock being 
performed for it by all the adjacent teeth. For, the points 
of the teeth being (generally) in one straight line, they are 
compelled — like the plane-iron — to act first upon the pro- 
jecting portions of the material, the undue penetration of 
each tooth being to a considerable extent prevented by the 
fact that its depth cannot exceed that of its neighbours. 
But this tendency i^ not entirely removed, as it is in the 
case of the plane ; and it is therefore necessary — in making, 
for instance, a horizontal cut — that the vertical pressure (or 
what may be called ^^ feeding power) shall be properly pro- 
portioned to the horizontal force. This proportion is deter- 
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mined by the weight of the saw-blade, and the position of 
the handle with respect to the hne of the teeth, though it 
can of course be increased or diminished by the action of 
the wrist of the workman. Its amount must vary with each 
variation in the front and baclt angles of the teeth, the 
number of them in action at one time, the nature and direc- 
tion of the fibres of the wood operated upon, &c, Szc ; so 
that, considering how much difficulty its investigation would 
present, and how little profit, we shall do better, in this, as 
in many practical questions of its kind, to seek the guidance 
of experience, rather than to attempt to assume the leader- 
ship. 

Much may also be learnt from the shapes and thicknesses 
of the various saw-blades, which wdl be found to be well 




suited to their respective requirements, though they have 
been arrived at without any aid from theorists. Thus the 
handsaw {Fig. 31), which is intended for making straight 
cuts only, has considerable width given to US blade; but 
inasmuch as it must be dble to bear sufficient thrust to make 
its cut without having an undue tendency to bend at any 
one point, it is made ' taper,' and not parallel throughout 
its length. For in the latter case the blade would be weakest 
near the handle. The thickness is also to some extent regu- 
lated by the same consideration ; for, provided that the 
strength be sufficient, the thinner a saw-blade is made, the 
less material does it waste in making a cut, and the smaller 
is the amount of power which must be expended in the 
operation. Thus compass-saws (Fig. 32), and others which 
have narrow blades, so as to enable them to saw round 
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curves of moderate radius, have much greater thickness 
given to them than is necessary or desirable for hand-saws, 




Fig. 32. — Compass-Saw (J). 



SO as to compensate for the diminished width, though this 
thickness is considerably reduced by grinding the back of 
the blade much more than the front in the process of manu- 
facture, which *is to some extent the practice with all taper 
saw-blades. From the position of the handle (Fig. 32), it is 
evident thit it gives no feeding power whatever ; that, in 
fact, pressure applied at the centre of the handle would force 
the teeth away from the work, instead of driving them into 
it. To compensate for this, the teeth of these saws are made 
of the form a' (Fig. 30), for which less feeding force is re- 
quired, the remaining deficiency being supplied by the wrist, 
assisted generally by the other hand of the operator. 

Back-saws (Fig. 33), which are strengthened by a piece of 
iron or brass folded over the back of the blade, are able to 




Fig. 33.— Back Saw (J). 

have the thickness very much reduced. This, together with 
their great feeding power, in consequence of the handle being 
so much above the line of the teeth, causes them to work 
with great ease, their tendency being to cut with only too great 
avidity, which the wrist is often called upon to resist. The 
depth of the cut being hmited to the width of the blade, it 
is necessary to make saws of this kind parallel instead of 
tapered. 

By rever.«?ing the teeth of a saw, so as to make it cut 
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during the backward instead of the forward stroke, the thick- 
ness and width for enabling it to resist flexure is rendered 
unnecessary ; for, whereas a thrust has a tendency to bend 
the blade, a pull only tends to straighten it. But with a 
few exceptions — such, for instance, as the saws with thin 
curved blades, which have now superseded the cumbrous 
double-toothed pruning-saws of former days — this principle 
is only applied in this country when the blade is stretched 
in some kind of frame. In all these bow-saws (such as Fig. 




Fig. 34.— Bow-Saw (J). 

34), the thrust is taken by the frame, and the pull or tensioil 
only by the blade, which can therefore be reduced, both in 
width and thickness, to any required extent. Saws of tRis 
kind are therefore used for sawing out all curves of small 
radius, for cutting metal, ivory, and other substances of which 
it is an object to remove as little as possible, and also 
in the endless-band sawing machines. Pit-saws and the 
smaller sizes of cross-cutting saws also frequently have 
frames, and on the continent of Europe and elsewhere 
frame saws are advantageously used for many purposes to 
which they are not applied in England. 

Although the action of a saw is not to so great an extent 
dependent upon the keenness of its teeth, as is a plane upon 
the acuteness of its iron, occasional sharpening is of course 
necessary, and we shall therefore, as we have already done 
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in tlie case of the plane, give a brief sketch of the operation, 
though it is doubtless a familiar one to many of our readers. 
For this purpose an ordinary grindstone clearly cannot be 
used, and although a saw-sharpening machine has of late 
years been introduced, which enables the gullet-teeth of 
circular and other large saws to be ground on an artificial 
emery wheel, it has not at present done much to supersede 
the saw-file in their case, whilst for angular teeth it is not 
in the least adapted. 

For these, therefore — to which we shall confine our atten- 
tion — ^triangular, or three-square files ^ are invariably employed, 
on which account the angle between the face of one tooth 
and the back of the next is in almost all cases the same as 
those of an equilateral triangle, or 60°. Their forms, and also 
those used for sharpening saws with gullet teeth, are given 
in Fig. ,55, In order to apply them conveniently, the saw — 
having been previously removed fi"om its frame, if it be a 
bow-saw — is fixed with its teeth upwards, in a vice, or a 
sawing-horse, the latter, however, being seldom or never 
used, except for pit-saws. But whatever the form of 
holder, the object to be attained is to support the saw blade 
between two jaws of wood or other soft material, at as small 
a distance from its teeth as can be done without interfering 
with the free use of the file. This, before being applied to 
the individual teeth, should be removed fi"om its handle, and 
passed lengthwise a few times along the points of the whole 
of them — those at the ends, which come in for a smaller 
amount of wear, fi-equently requiring to be lowered or 
* topped * more than the others, in order to bring them to the 
same level. By this treatment, a small horizontal facet will 
be left: on the point of each tooth. In filing each of them 
separately — ^which is the next step — ^its newly-formed point 
must be brought exactly to the centre of this facet, which 
can be readily done by removing a larger proportion from 
the face or from the back of the tooth, as may be required. 
The file, however, should not be inserted into each space 
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consecutively. When filing fine teeth it is advisable, and 
when filing coarse ones it is necessary, to do them alternately 
from opposite sides, and this is most easily effected by 
omitting every alternate space in the first instance, then re- 
leasing the saw from the vice, turning it end for end, and 
filing those previously omitted. The file is seldom held at 
right angles to the saw blade, but is inclined to it both hori- 
zontally and vertically to a greater 
or less degree, according to the 
softness or hardness of the timber 
upon which it is to be used, the 
vertical inclination being about 
one half of the horizontal, as the 
diagram (Fig. 35) shows. Bearing 
in mind that (in filing angular 
teeth) the handle of the file should 
never be raised above its point 
— in other words, that the stroke 
should be upwards instead of 
downwards, and that the greater 
the noise the less is the effect 
produced upon the saw — the 
reader will have no difficulty in determining for himself 
which are the spaces which should, belong to the first series 
and which to the second. 

But after the filing has been completed, the performance 
of a soft-wood .saw will not be found to be satisfactory if 
attention be not also paid to setting it. This consists in 
slightly bending the teeth alternately to the right hand and 
to the left, to an extent which varies with the nature of the 
substance to be cut. The effect of it is to make the width 
of the cut, or kerf^ rather greater than the thickness of the 
saw blade, which thus encounters little or none of the re- 
sistance from * binding,' which would result if both the blade 
and the cut were of exactly the same width. Fig. 36 shows 
the back view of a saw, by which a workman examines the 
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Fig. 35.— Saw-Filing. 
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amount and the evenness of its set ; and also a portion of 
he same in section. 

There are various ways in which the set 
can be given to the teeth, of which that al- 
most invariably employed by the saw-maker 
is undoubtedly the best in skilful hands. This 
consists in laying the toothed edge of the 
saw-blade upon a small stake, or anvil, with 
a long and sharply-curved surface, which when 
in use is fixed in an ordinary vice. One 
or two blows from a light, narrow-faced ham- 
mer then suffices to bend each alternate tooth 
downwards, to an extent depending upon the 
curvature of the anvil, and the position of the 
tooth upon it When half the teeth have 
been done in this way, the saw is turned end 
for end, and the other half is similarly treated. 
Joiners and others who are users, but not 
makers, of saws, generally employ some kind 
of saw-set in preference to the saw-setting 
hammer. In its most simple form a saw-set 
may be merely a piece of steel plate of a 
thickness not exceeding the width of the saw- 
tooth, having in its edge a parallel-sided notch, 
equal in width to the thickness of the blade. 
For convenience, however, a saw-set is usually 
provided with a number of notches of varying 
widths, so as to enable it to be used for 
saw-blades of different thicknesses. The saw to be ope- 
rated upon is fixed with its teeth upwards, in the same 
manner as for filing, and the teeth, separately inserted a 
short distance into a notch of suitable width, are alternately 
bent in opposite directions by raising or lowering the handle 
oi the saw-set. To do this equally to all the teeth without any 
kind of stop or guide is by no means an easy task, and since 



Fig. 36. 
Set of Saw-Teeth 
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uniformity of set is of great importance, some less simple form 
of saw-set is generally required to produce satisfactory results 
in inexperienced hands. The addition of an adjustable stop 
to the notched form of the instrument just described, is of 
some assistance, as it prevents the teeth from being bent to 
different angles ; but those known as patent saw-sets, by which 
the teeth are clipped between the jaws of a pair of pliers of 
peculiar form, are provided with adjustments which leave no- 
thing to the discretion or the indiscretion of the operator. 
In others, again, a kind of miniature swage is held up by a 
spring over a small stake or anvil, upon which the saw-block 
rests. A single blow from a hammer at the top of the swage 
completes the set of each tooth, perfect uniformity being en- 
sured by adjustments which regulate the inclination of the 
blade and the distance to which it can extend on to the 
anvil. These saw-sets, if made more generally applicable to 
saws of various shapes and sizes than they are in their pre- 
sent form, would probabl}' be found to be more speedy and 
effectual than any others. 

As a test of the uniformity with which the operations of 
setting and sharpening a saw has been conducted, it has been 
suggested to place a needle in the angular groove formed by 
the tops of the teeth (which appears in the sections, both in 
Fig. 35 and Fig. ^6), On gently raising one end of the saw, 
the needle should run from end to end without leaving the 
groove. 

Although our mention of the setting of saws has been de- 
ferred till afler the subject of filing them had been dismissed, 
this order is not that which should be followed in the process 
of sharpening. If indeed so large an amount of topping be 
requu-ed as almost to amount to re-forming the teeth, the 
course adopted in the original manufacture — in which they 
are filed to their true form, set, and then again slightly filed 
to sharpen them — mayof course be advantageously employed; 
but in ordinary cases, setting should precede filing. The 
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* burr ' thrown up by the file, which has much to do with 
the keenness of a newly-sharpened saw, is then retained un- 
injured. In fi"et-cutting and some other kinds of saws this 
burr constitutes their only set ; but as the prevalent practice 
is to file such teeth from one side x)nly, instead of alternately 
from opposite sides, these saws have the tendency to *draw,' 
instead of making a straight cut, which is always the result 
of giving more set to one side than to the other. 

In concluding our notice of this invaluable instrument, we 
subjoin a few particulars of the saws which are most likely 
to come under the notice of the reader, extracted partly from 
the second volume of Mr. HoltzapfFel's work, already re- 
ferred to. (See table on next page.) 

Of the wood-tools generally used for borings some of 
which next demand our attention, the brad-awl (Fig. 37) 
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Fig. 37.— Brad-awl (J). 



TG. 38.— Action of Brad-awl. 



seems to claim precedence; not, indeed, fi*om the perfec- 
tion of its performance, but because, being very simple in 
its form and speedy in its action, it enjoys a sort of 
monopoly wherever small holes have to be made in soft 
wood. AVhen properly placed, with its edge across, and not 
in the direction of the fibres, so that it may cut them instead 
of merely forcing them asunder, a sharp brad-awl — espe- 
cially if driven with a hammer or mallet instead of being 
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TAPER SAWS. 







•• 

1 

g 


Length of blade 


Width 
Max. Min. 


No. of teeth per 
inch 


Thickness 




Bv Birmingham 
Wire Gauge 


By Whitworth's 
Standard Gauge 


WithakandU ateackend 




ft. 


ins. ins. 








CrossHnit saw' 


• • 


C 


4— xo 


63. 

I to 12 7 


8 in 5 ins. 


Z2 to Z5 


zzo— 70 


F!t-saw . . , . 




B 


4— lo 


i 9 3i. 

I to 12 5 


i'ms f» 


za to z6 


zio— 65 






Pit frame-saw . » 


• • 


B 


4-ao^ 


7 3 . 

I to XX 4; ; 


Sins « 


Z5 to z8 


70— SO 


With a handle at one end. 




in. 






• 




Rip-saw .... 
Half rip-saw . . 


: } 


A or A' 


28—30 


/ 831 
I to 9 4 1 


3-3i 


z8 or Z9 


50—40 


Hand-saw . . . 




A or A' 


xo — 26 


5 2* 

to l\ 3 


5-6 


z8 or z9 


50—40 






Panel-saw . . . 
Fine panel-saw 

Table-saw . . . 


: } 


A or A' 
A or A' 


xo — 26 
x8— 26 


J 4 A\ 
to 7 2 

to 27 i\ 


7 — X2 

7-8 


Z9or2o 
16 to Z9 


40—36 
65—40 






Compass-saw . . 


• • 


A' 


10—20 


to il 1 


7— 9 


z8 or Z9 


50—40 


Keyhole-saw . . 


• • 


A' 


6 — Z2 




9 — 10 


Z9 or 20 


40-36 




P 


ARALLEL SAWS. 






With hacks. 


1 


in. 








Tenon-saw . . . 
Dovetail-saw . . 


. . AorA' 
. . lAorA' 


12— x6 3 — 4 
6 — xo' x\ — 2 


zo 

Z4— z8 


2Z to 23 

24 or 25 


3*-24 
22 — 20 


Witkframes. 














Woodcutter's or 
let saw . . . 


bil-) 

• 


AorC 


24—36 2 — 3j 


3— 4 


Z9 to 22 


40—28 


Turning, or sweep-saw . 
Smith's frame-saw . . 
Fret-saw 


A' 
A' 
A' 


6-22' ^,j- f 


zo— 20 

10 — 14 
30-90 


Z9 to 24 

20 to 24 
is to jln in. 


40—22 
36—22 
20— 5 




""T 
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worked by hand — ^will produce in deal and other loose- 
fibred woods a fairly clean and circular hole, without much 



* See Fig. 30. The forms there given are general examples only, 
and not accurate representations of either the sizes or the angles of the 
teeth. 

' Fish-bellied, haying its greatest width at the centre of the blade. 
Teeth somewhat resembling B, and various others are also used. 

' Expressing the thickness in thousandths of an inch. See p. 24. 
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danger of splitting, as Fig. 38 will serve to explain. For 
boring hard woods, which require a portion of their sub- 
stance to be removed, brad-awls are not adapted, as they 
have no means of effecting this. Recourse is then generally 
had to ^'^ plain gimlet^ or to the twisted gimlet (Fig. 39), 
although in this latter the strength is insufficient for boring 
woods of which the hardness is excessive. The size of gimlets 
like those shown in the figures does not in general exceed 
f of an inch ; others, however, resembling the screw-auger 
(Fig. 41) are as much as \ of an inch. The pointed screw by 
which they are made self-feeding, has considerable tendency 
to split any wood that is given to splitting, and the insuf- 
ficient size of the groove to contain the whole of the mate- 




FiG. 39.— Plain and Twisted Gimlet (J). 




Fig. 40.— Shell Auger (J). 



rial displaced causes a gimlet soon to become choked. 
This necessitates its frequent withdrawal when boring a 
deep hole, whereby its naturally slow action is rendered 
slower. At best, indeed, this tool is far from perfect, the 
expenditure of both time and power being out of all pro- 
portion to the effects produced. But it is perhaps to these 



II.] 



Augers, 



6i' 



imperfections that we owe the introduction of pointed wood 
screws, which are a very great improvement on the old- 
fashioned ones with blunt ends. 

The principal tool for boring holes, of which the diameter 
or the depth is too great for a gimlet, is the auger. The 
shell-auger and also the screw-auger — which has to a great 
extent superseded it for boring soft wood — ^are shown in 
Figs. 40 and 41. But for hard woods their great strength 
is likely to enable shell-augers to hold their own, in spite of 
the advantages which their rivals possess in being self-feed- 
ing, capable of being worked with much less power, and not 
so liable to become choked. The cutting ends of a shell- 
auger and two kinds of screw- 
auger are shown enlarged in 
these figures. For fixing the 
long cross handle, by which 
the requisite leverage for work- 
ing an auger is obtained, the 
upper end of the stem is either 
drawn out to a tang of great 
width but slight thickness, 
which can be driven through 
the centre of the handle and 
clenched; or an eye is formed, 
through which it can be 
passed. In the engravings the 
shell-auger (Fig. 40) is * tanged,' 
and the screw-auger (Fig. 41) 
is * eyed ; * the tang being al- 
ways placed with its greatest 
width across the grain of the 
wood, so as to reduce the risk 
of splitting it. Occasionally the 
tang is made square, like that 
of a brace-bitt, which enables one handle to serve for several 
augers. The diameter of the cutting part of an auger 




Fig. 41. — Screw- Augers (J). 
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generally ranges from f of an inch to 2 or 2\ inches. Shell- 
augers of 3 inches diameter and upwards were formerly- 
used for boring wooden pumps and pipes, but with them 
they have now ceased to be manufactured. Shell-augers 
when once started — ^an operation in which they require the 
assistance of a gouge or other tool — are kept straight in 
their course by the guiding power of the hollow parallel 
* shell,' which extends for some inches above the cutter. 
But the friction thus produced consumes so much power, 
especially in the larger sizes, that it is more advantageous to 
bore a hole of large diameter in two operations; first 
making a small hole, truly concentric with that required, and 

afterwards enlarging it by means of a 
tool on the same principle as the plug-bitt 
shown in Fig. 45. This, however, does 
not apply to those screw-augers which 
have two cutting edges, the resistance 
encountered by one edge being equal 
to that met with by the other, so that 
the whole tool is in a state of equili- 
brium, and Httle or no guiding is re- 
quired. We shall revert to this subject 
in connection with the drill (see Fig. 60). 
None of the preceding tools are 
well adapted for fine work, in which it 
is essential that holes should be per- 
fectly smooth and accurate. For these 
purposes a brace and set of hitts ofier 
great advantages, not the least of which 
is the number and variety of borers 
which can thus be carried in a small 
space. The English pattern of brace 
(or stock) is shown in Fig. 42. It is 
usually accompanied by a set of from 
one to three dozen bitts, of which the 
following are the principal ones : — 




Fig. 42. 
Brace and Bitt (i). 
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QuUl^itts (Fig. 43), for boring across the grain of the wood 
only, which they do both well and quickly, cutting the fibres 
instead of tearing them apart. These, and almost all other 
brace-bitts, are fed .by the pressure of the chest of the work- 
man against the top of the brace. 

Nose-bitts (Fig. 44) differ only from quill-bitts in having at 
their extremity a transverse cutter, which enables them to be 
used for boring in the direction of the grain. They much 
resemble shell-augers. 

Centre-bitts (Fig. 45), for boring holes of small depth (up 
to about two inches in diameter) at a single operation, or 
rather by two distinct operations which are carried on 
simultaneously, consist of a triangular pin or 'centre' 



Fig. 43. 
QuiU-Bitt(i). 



Fig. 44. 
.Nosc-Bitt (i). 




Fig 4^ 
Centre-Bitt and Plug-Bitt {\) 



carrying on one side a knife-edge or * nicker,' and on the 
opposite side a * cutter.* The distance between the centre 
and the outer face of the nicker is exactly equal to the 
radius of the hole produced, the width of the cutter being 
rather less than this. At each revolution the nicker makes 
a clean circular incision, and from the space enclosed by it 
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the cutter then removes a helical shaving, whose thickness 
depends upon the pressure applied to it The efficiency of 
this tool is much greater when it is used across the grain of 
the wood than in the direction of it. For boring a large 
hole concentric with an existing small one a centre-bitt is 
not adapted, unless the central pin be enlarged so as com- 
pletely to fill the hole which is to be followed. It is then 
called a plug-bitt^ but it is a tool pf more special than general 
application. 

Besides those above mentioned, a set of bitts generally 
contains several taper-bitts or rimers (of which Fig. 46 shows 
that used for wood), countersinks^ for enlarging the entrance 
of holes to admit the heads of screws, of which Fig. 47 
shows two kinds, and one or more screwdrivers for use with 



Fig. 47. 
Rose Countersink and 
Metal Countersink (i). 



Fig. 46. 
Taper-Bitt (J). 



Fig. 48. 
Spoon-Bitt (i> 



the brace. Many other bitts are also much used, though 
not included in ordinary sets. Such are spirai-bitts (re- 
sembling Fig. 41) ; spoon-bitts {¥\g. 48), and various kinds of 
expanding centre-bitis ; but to describe, or even to enumerate 
the boring and other cutting tools which are employed in 
the various special wood-working trades in this coimgy, 
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would cany us very far beyond our limits. The small 
number of which we have been able to give figures or 
descriptions have been selected as being good examples of 
the various types, which — ^with but one or two exceptions — 
are of common occurrence. 

But we are unwilling to take our leave of wood-tools 
without reverting to the subjects of grinding and setting 
their cutting edges, necessary, operations , which should 
be among the very first lessons of the beginner, and which 
cannot be neglected with impunity by the oldest and most 
skilfiil hand. 

On attempting, for instance, for the first time to sharp^m 
his plane-iron in the manner already described, the reajder.- 
will almost certainly find himself beset with difficufties.. 
Assuming that his grindstone runs perfectly true and thatitSj 
iace is neither * hollow ' nor * round,' the selection anid! main- 
tenance of the proper angle at which to hoy th^ tool will, 
be found to be far from an easy matter, any varktrioa either* 
in its height or in the angle at which it is applied to the- 
stone causing a fresh facet to be formed upon it The? 
tendency is thus to grind the bevel convex,, and this must 
be carefully resisted by obliging it constandy to keep the 
same position. When this has been successfully accom- 
plished, the facet will be slightly and uniformly concave tQ 
an extent which will vary with the diameter of the grind-, 
stone. Attention must also be paid to forming th^ edge of 
the tool square to its sides, by keeping every part of it 
evenly pressed against the stone ; which is most ^^sily do^ie 
by placing the fingers of the left hand on its uppey surface,, 
as nearly as possible over the centre of the bevel which is, 
being ground upon its lower one. The amount of pressure 
which must be applied will of course vary much with the 
width of the tool, and it will also be influenced by the 
direction in which the grindstone is revolving, more being 
required when its upper portion moves away fi:oro the 
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operator, and less when it runs towards him. In the latter 
•case, however, the edge of the tool is more liable to catch, 
und thereby to damage both itself and the face of the stone ; 
whilst in the former a wire edge somewhat difficult of re- 
moval is thrown up directly the grinding has been continued 
sufficiently long to obliterate the small facet previously left 
by the oilstone. An obvious remedy for this is to discon- 
tinue the operation before the grindstone quite reaches the 
cutting edge, whenever the removal of notches or other 
inequalities does not necessitate its continuance. In the 
case, therefore, of such tools as after being ground are to be 
finished upon an oilstone, the direction in which the stone 
^:evolves may be said to be immaterial ; for others — such as 
turning tools for metal — of which the cutting edges are 
wholly produced upon the grindstone, it is preferable that it 
should be driven towards the operator. 

Since the difficulty of grinding edge-tools properly is 
■enormously increased if the grindstone be allowed to lose 
its true cylindrical form, or if its face be worn unequally, care 
should always be taken to guard against this by giving a slow 
lateral motion to a tool whilst it is being ground. Neglect 
of this in the case of those which are flat, but of small 
width — such as chisels, &c. — soon results in the formation of 
a hollow at the part of the stone at which the work is chiefly 
performed, which causes it to give a curved instead of a 
straight edge to those — such as plane-irons — of which the 
width is greater. These indeed cannot possibly be ground 
correctly, if the centre of the grindstone face be worn 
hollow to any considerable extent 

In grinding carpenters' gouges and other tools of which 
the bevelled edge is curved, this traversing motion is 
even more necessary, for if held constantly in the same 
position they very rapidly 'score* the face of the stone 
and make the commencement of a groove, which is not 
easily got rid of Where much use exists for gouges or 
any kind of tool of which the convex surface requires 
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to be frequently ground, it is preferable to devote a se- 
parate stone to them and to allow its face to become 
grooved. When their edges, although curved in one 
direction, are straight and at right angles to their length, the 
required curvature can be easily given by constantly turning 
the wrist of the right hand, in which the tool is grasped, 
backwards and forwards through a larger or smaller arc of a 
circle according to the amount of the curvature. Gouges, 
however, are ground occasionally on their concave instead of 
on their convex sides, and for these as well as for various 
moulding and other tools, grindstones, if used at all, must 
have corresponding projections turned upon their faces. 
But in such cases — as also in sharpening the generality of 
boring tools, &c. — the grindstone is frequently abandoned 
in favour of the file ; or recourse is had either to an iron or 
copper lap charged with emery powder, or to the same 
material in the consolidated form of an emery wheeL 

In order to prevent the temper of edge-tools from being 
injured by the heat generated in grinding them, and also to 
clear the grain of a grindstone from the detached particles 
of sand and steel, a constant supply of water is required. 
Small stones, of which the rapid revolution causes any excess 
to be thrown off by centrifugal force, are most conveniently 
supplied by allowing a small quantity to drip upon their 
faces, whilst thpse of larger diameter are generally allowed 
to dip into some water contained in a trough placed below 
them. The chief disadvantage of this arrangement is the 
temptation which exists to leave the stone standing in the 
water whilst al^est, of which the result is to soften it and 
to cause it to wear unequally. If at any time from this or 
from other causes a grindstone betrays any eccentricity, the 
process of turning up, though not perhaps an agreeable one, 
should at once be performed. If deferred, the evil will 
always be found to increase, until at last it becomes intoler- 
able, and * hacking ' (i.e. dressing oflf the more prominent 
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parts with a hack hammer) must be resorted to. It is 
indeed the best method of correcting large grindstones, 
whether much or little has to be removed from their face ; 
but for small ones it is only necessary in extreme cases, in 
which it is preliminary to, but not a substitute for turning- 
For this latter purpose the stone should be dry and should 
be driven slowly, the tool, which is generally a worn-out 
three-square file, being held with its point slightly inclined 
downwards upon a rest fixed as closely as possible to the 
face of the grindstone. The triangular section of the tool 
enables a fresh edge to be brought into play by merely turn- 
ing it over as soon as its upper edge ceases to cut. 

Of the various kinds of grit-stone which are used for 
grinding, that known as Bilston (firom the place of that 
name in Staffordshire, where it is extensively quarried) is by 
far the best suited for sharpening the generality of edge- 
tools, having a fine and quick cutting grain without too great 
hardness. Others obtained from Northumberland, York- 
shire, Derbyshire, &c., are much used in the manufacture of 
cutlery and hardware, but for the most part (although they 
vary considerably,) they are of coarser grain, and conse- 
quently require to be driven at a much higher speed. For 
grinding the concave facets of moulding tools, and for some 
special purposes for which great smoothness of grain is re- 
quired, thin discs of a good but costly kind of Bohemian 
stone are employed. Recently Mr. Frederick Ransome has 
turned his attention to thfe manufacture of grindstones by 
the artificial process with which his name is connected. 
These are reported as having certain advantages over the 
natural stone, and amongst others that of a reduction in the 
first cost of the. grindstone. 

The hones and oilstones available for setting the edges of 
cutting-tools form a much larger class than the stones used 
for grinding them. But although these are obtained ffoni 
many parts of the globe they for the most part occur either 
within very narrow limits or in comparatively small pieces — 



II- 1 Setting Edge-tools. 69 

this indeed being more especially true of some of the best 
varieties. On this account they are rarely mounted and 
used in the same manner as grindstones, although if they 
were obtainable in equal abundance this would probably be 
the general practice. As it is, the workman is obliged to 
content himself with a rectangular piece from five to nine 
inches long, upon the surface of which he produces a small 
facet at the extreme edge of his plane -iron or other tool, by 
rubbing it briskly backwards and forwards as nearly as 
possible along its entire length. To prevent an oilstone 
firom getting broken — an accident to which some kinds are 
very liable — and to protect its oily surface from dust, it should 
always be mounted in a piece of hard wood and be provided 
with a cover. 

In theory the operation of setting a cutting-tool — like 
that of grinding it — is simplicity itself ; being merely the 
formation of two flat facets inclined to one another at a 
certain angle, their intersection forming the cutting edge; 
and indeed in tools which are ground with a single bevel it 
is only necessary to produce one of these facets, the flat 
unground side taking the place of the second. But in prac- 
tice there is great difficulty in continuing the operation just 
so long as to obtain the complete intersection of the facets 
at all parts of the edge, without anywhere throwing up the 
wiry film already mentioned, which is formed upon the oil- 
stone as well as upon the grindstone. Its presence, how- 
ever, is quite incompatible with the possession of a keen 
and durable edge, and its removal must therefore be effected 
whenever it occiu's ; which may be done, though not very 
readily, by drawing the edge across a piece of soft wood, or 
over the thumb nail. In any tool ground with a single bevel, 
slight treatment of the unground side also upon the oil- 
stone will be found to assist in removing the wire edge, but 
in doing this care must be taken to keep it flat on the stone 
and in no case to form a facet on its edge, which, as already 
pointed out^ in almost all cases is a certain method of 
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destroying its efficiency. Chisels and other straight-edged 
tools, when being set, are best held in such a manner that 
the direction of the motion of the hands is nearly but not 
quite at right angles to the line of the cutting-edges, as may 
be seen in the operation of setting a plane-iron, which is 
represented in the engraving. Fig. 49. But in the case of 
carpenters' gouges — which we have before taken as the type 
of edge-tools with this Icind of curvature— it is preferable to 
set the edge by moving it in the direction of its lengdi. For 
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tilis puqjose the right hand, in which the tool is grasped, is 
held considerably to one side Of the stone, every portion of 
' the edge being then brought into contact with its surface at 
each forward or backward stroke by means of a similar 
wrist motion to that given in grinding it Concave facets, 
which of course cannot be produced upon a flat stone, are 
formed by means of oil slips, which are merely thin pieces 
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of oilstone of which the edges are rounded with the required 
curvature. 

The chief points which require to be attended to in con- 
nection with aa oilstone are : ist, the maintenance of its 
flatness, which it always loses with use, owing to greater 
wear taking place at the centre than at the ends. It must, 
therefore, from time to time be surfaced by grinding it 
down on the side of a grindstone, or with fine sand and 
water upon a flat stone or metal surface. Secondly, its 
cutting power must be preserved ; the coagulation of the oil 
upon its surface frequently either wholly destroying or greatly 
interfering with the abrading action of the particles of silica, 
to which both grit-stones and oilstones owe their property 
of acting upon hardened steeL For this the best remedy is 
to rub the face occasionally with a lump of moistened 
pumice-stone. In every well-regulated workshop, both 
grindstone and oilstone should be constantly kept in a state 
of efficiency, and be ready for use at any moment. 

The following are the principal kinds of hone and oil- 
stone from which a workman is likely to be able to make 
his selection — the order in which they are. placed being 
approximately that of their abrading power;, those at the 
top of the list being the " festest cutting," a quality which 
is generally accompanied by a want of fineness in the edge 
produced. 

I. Washita Oilstone. — A. very compact white sandstone, 
of rather recent introduction, almost resembling Carrara 
marble in appearance. Although it does not greatly differ 
in price from Turkey stone, its much greater uniformity 
and slightly more rapid cutting property cause it to be in 
more favour with carpenters and others, withwhom coarse- 
ness of edge is not an objection. 

" '2. Turkey Oilstone. — ^When of good quality no better 
substance can be employed for setting tools for which great 
fineness of edge is not required, since it cuts the hardest? 
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steel with avidity even when but little pressure is applied. 
At the same time it is of a close grain, and is not easily 
scratched. Unfortunately it is very variable in quality as it 
is also in colour \ the latter, which is called 'white,* * grey,' 
or * black,' being generally a veined mixture of different 
shades of bluish and brownish greys. Its cost is about three 
times that of the stone next mentioned. 
. 3. Chamley Forest Stone. — F6und near Mount Sorrel, in 
Leicestershire. This is the best of our native oilstones, and 
has long been a favourite with carpenters and others, that 
from the Whittle Hill Quarries, which is of a grey colour, 
dappled or streaked with red, being considered to be the 
best. Till lately this has hardly been obtainable— the only 
representative of Chamley Forest stone being a rather 
inferior one with a decided green tint Both of them, 
however, give a very fairly fine edge, but do not cut quite 
so rapidly or with as slight pressure as Turkey. 

4. Canada Oilstone. — A v^ry fine porous sandstone of a 
greyish white colour, which has been recentiy introduced. 
Being nuch less compact than any of the preceding stones, 
it is much more rapidly worn away. Its first CQst is, how- 
ever, rather less than that of Chamley Forest. 

5. Grecian Hone, — Under this name a slaty ston€ is 
imported, which is of a greenish colour, and although said 
to be superior to Welsh oilstone, does not greatly differ 
from it in appearance. 

6. Welsh Oilstone. — A hardish stone of a green colour 
and slaty texture, inferior to the Chamley Forest for joiners' 
use. In price it is about the same, as also is the Grecian 
hone. No. 5. 

7. Arkansas Oilstone. — Cuts slowly, but is very superior 
to all those above mentioned for giving a fine edge to 
surgical instruments, &c. Although extremely costly — its 
price being about four times that of Turkey stone — it is 
extensively used for such piuposes. Jn colour it resembles 
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Washita oilstone, but it is of very much finer grain and 
wears away very slowly. 

8. German Hone. — Thin slabs of a very soft yellow stone, 
cemented upon a rather harder but similar material of a 
slate-blue colour, are imported and sold under this name. 
The extreme softness of the former renders it almost useless 
for such edge-tools as we have been considering, although 
it is well adapted for setting razors, to which it imparts an 
edge of great smoothness and delicacy. 

Besides the above, some other kinds of stone, which 
require to be used with water instead of with oil, may be 
employed for sharpening edge-tools. Such is the Water of 
Ayr Stone, which requires to be kept constantly moist to 
prevent it from becoming hard. Its chief use, however, is 
for smoothing marble, copper, &c 

The oil applied to an oilstone should have the same 
quality of resisting the action of the air as that used for the 
lubrication of machinery ; sperm, neat's-foot, and olive oil 
being well adapted for it. 

Before closing this chapter we should mention one other 
wood-tool which differs from all the others both in the form of 
its edge and in the treatment by which it is produced. This 
is the wood scraper^ which consists, as appears in Fig. 50, of a 
small rectangular steel plate, clipped Upon one of its longer 





Fig. 50.— Wood Scraper {\). 
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sides by a handle of peculiar form, which is easily remov- 
able. Us edge, a section of which is shown much enlarged 
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in Fig. 51, is first brought exactly to a right angle by being 
set upon an oilstone (it then resembles the upper angle in 
the diagram); after which a slight and imiform *burr' is 
thrown up by passing along it the rounded back of a gouge, 
the stem of a large brad-awl, or any similar piece of hardened 
steel. 

A glance at the figure will explain the action of this 
burr, which, in fact, forms an actual and somewhat delicate 
cutting edge, which is very effective in giving a smooth sur- 
face to hard and cross-grained wood. The natural fracture 
of a piece of window glass, which was formerly used for 
scraping, and in which, of course, no burr can exist, is much 
less satisfactory for this purpose, even in cases in which the 
impossibility of thus obtaining a really straight edge may not 
be an objection. 

But when ground, sifted, and glued upon paper or cloth, 
glass is a most valuable assistant to the worker in wood. 
With glass-paper or glass-cloth the final smoothing of the 
more finished kinds of wood-work is almost always per- 
formed, the method of applying it to flat surfaces generally 
being to fold it over a piece of cork with a flat rectangular 
face ; and similar means applicable to curved surfaces will 
readily suggest themselves. To the turner, and the polisher 
glass-paper is almost indispensable — the following being the 
sizes generally used in London : — No. 00 or * Flour ' (which 
is the finest) ; No. o ; No. i ; N9. i^ : Fine 2 (or f 2) ; 
Middle 2 (or m 2) ; Strong 2 (or s 2) ; No. 2^ ; and No. 3^ 
(which, is the coarsest). 
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CHAPTER III. 

ON HAND-TOOLS USED FOR METAL. 

Hand-tools such as those of which we have been consi- . 
dering the forms and the modes of action, although they 
may be employed with great effect in the treatment of 
timber and other materials which do not greatly exceed 
it in hardness, would be powerless to perform the more 
severe labour of cutting and shaping cast or wrought 
iron or steel — operations which form by far the larger portion 
of the practice in engineering workshops. In all the more 
arduous of these, indeed, the machinist avails himself of the 
various machine-tools to which we have already alluded — 
many of which will be subsequently described in detail — but 
before their invention and introduction the comparatively 
small amount of working in the harder metals which was 
done at all, was performed with the aid of hand-tools only. 
These for the most part are still retained, though their duties 
lie within a smaller compass ; we shall, therefore, devote the 
present chapter to noticing them in a slightly less cursory 
manner than that in which we have been compelled to dis- 
miss the subject of wood-tools — their much smaller number 
rendering this possible. 

One great distinguishing feature of all cutting- toojs for 
iron and the harder metals is the much greater thickness 
which is given to their edges; their cutting angles being 
from 50** to as much as 90° ; whereas those of wood-tools, 
as we have seen, rarely exceed the smaller of these angles, 
and are for the most part much below it. An example of 
this may be seen in the various forms of chipping chisel, of 
which the edges when intended to be used upon wrought 
iron are ground to an angle of 50° ; and when cast iron has 
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to be operated upon, to an angle of 60° ; although thin edges, 
if they could be made to stand (which they cannot), would 
undoubtedly require a smaller amount of power to be ex- 
pended in making a cut in both cases. 

In working the harder metals by hand, the chipping chisel^ 
driven by a succession of blows from a hand hammer 

(ordinary forms of both of which are 
shown in Fig. 52)^ constitutes a much 
more important tool, and one which is in 
much more frequent requisition than its 
representative among wood-tools; the 
hard and stubborn nature of these mate- 
rials entirely forbidding the use of any 
cutting-tool corresponding to the axe, 
with which the first roughing-out of tim- 
ber is effected ; and although it might be 
thought that by careful forging and cast- 
ing the desired forms could be produced 
with such accuracy that no after-treat- 
ment except filing should be necessary — 
and this is in great measure true of forg- 
ings — it is far firom being the case with 
castings. And here it should be noted 
that throughout these pages, when forg- 
ings and castings are spoken of, they 
refer to works in wrought and cast 
iron only, except in the rare cases in 
which other metals are specified. Castings then — ^which are 
produced by pouring melted iron into sand moulds — ^always 
have their surfaces hardened by the chilling effect of the 
moulds, and in addition are more or less covered with 
obstinately adherent particles of sand. These causes com- 
bine to give them a hard * skin,' against which the teeth of a 
file are almost powerless, so that every part of a casting 
which is to be filed up, requires, as a preliminary step, the 
removal of this skin, or at least of the sand which it con- 
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tains. This is generally done by cutting away the whole 
surface to the depth of about h of an inch with a chipping 
chisel of about the size and width of edge represented 
above (i,e. from 6 to 8 inches long, and from J to i inch 
wide) ; but in the treatment of large surfaces the operation 
is much facilitated by first making a series 
of parallel grooves with a cross-ctU chisel, 
of which Fig. 53 is an example, though its 
edge may even be much narrower with 
advantage. Its width regulates that of the 
grooves, and their distance apart should not 
exceed the width of the chipping chisel, 
with which the intermediate portions of 
the material are to be removed. When 
small V-shaped grooves have to be cut 
with a chisel, its shape is modified accord- 
ingly; the single bevel with which it is Fio. s3.-Cross-cut 
ground presenting the form of a * lozenge,' "^ ^*^" 

or * diamond ' ; on this account it has received the name 
of a Diamond-point, The weight of the hand hammer 
ordinarily used with a chipping chisel varies from one to 
two pounds — its form also varying according to the fancy 
of the workman. 

The depth to which the edge of a chisel penetrates is 
regulated by the strength of the blow and the angle at which 
it is held. Since, in the choice and maintenance of the 
latter, the angles of the double-bevelled edge render little or 
no assistance — in other words, since it possesses so very 
small an amount of guiding power — it is not to be wondered 
at that proficiency in the art of using a chisel can only be 
acquired by practice. Among other points a beginner 
should remember : — First, that the edge of a chisel may 
be slightly rounded with advantage, so that its corners may 
not have a tendency to score the work or be easily broken 
off; secondly, that in operating upon any surface of which 
the width exceeds that of the chisel, the line of advance 
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should for the same reason be kept constantly convex ; and 
thirdly, that if he desires to avoid collisions between his 
hammer and his knuckles, he will do well to keep its face 
and the end of his chisel free from grease. 

For large castings, or for portions of them from which a 
considerable quantity of metal has to be removed, Flogging 
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Fig. ss— Saw-Filc&. 



a and b. Three-square 



Fig. 54- 
Files and Rasp (i). 
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Files. c. GuUetting File. d. Frame- 



saw or Pit-saw File, 
or Topping Files. 
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Chisels, which are held in hazel rods or * withes ' by one 
man and struck with a sledge hammer by another, are sub- 
stituted for the ordinary hand chipping chisels. But in 
many cases the skin of a casting is removed by grinding, or 
by * pickling * it with dilute sulphuric acid, which dissolves 
some of the iron and thereby releases the particles of sand ; 
either of which methods renders unnecessary the tedious and 
expensive process of chipping. 
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We next come to the consideration of Ft/es, which in their 
almost endless variety constitute by far the most indispen- 
sable of all the cutting-tools whidi belong to the present 
chapter. In technical language, indeed, they are not com- 
prehended in this term, any more than saws are included 
amongst the edge-tools used for wood; but we cannot see 
that any good purpose would be served by excluding either 
the one or the other from the positions which they now 
occupy in the present work. Although the use of files is by 
no means confined to the working of metals, some kinds — 
as we shall see — being but little adapted for the treatment 
of hard materials, yet this constitutes by far the larger pro- 
portion of their duty. On this account we have hitherto 
omitted all mention of them, preferring to group together 
the whole of those which can be noticed within the narrow 
limits at our disposal. 

For the complete description of almost every individual 
file, five different properties must be stated : — First, its 
length ; secondly, its contour ; thirdly, the form of its cross 
section ; fourthly, the kind of * cut ' by which its teeth are 
formed ; and lastly, its degree of fineness. The examples 
represented in Fig. 54 will explain this ; the first of them 
being a 9-inch, taper, flat, bastard, double-cut file; the second 
a 9-inch taper, half-round smooth rasp; and the third a 6-inch, 
taper, three-square, second single-cut saw-file. With these 
characteristics we will deal seriatim. 

The /engfA of a file is measured in inches from the 
shoulder to the extremity, the tang or point for driving 
into its handle not being included. 

The contour is described by the terms /fara//e/ (or d/unt\ 
and fqfier (or pointed), which explain themselves. But 
* parallel ' includes all files of which the width is tolerably 
uniform throughout, although the thickness may be con- 
siderably greater near the centre than at the ends. Indeed 
very few files have their section really equal throughout their 
length. Files are sometimes said to be more or less bellied 
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according as they are much or only slightly tapered. In the 
latter case they may also be described as blunt-pointed. 
Examples of both taper and parallel files will be found 

in Fig. 55, which gives 
the outline of those gene- 
rally used for sharpening 
saws. 

In Fig. 56 types of most 
H of the file sections in com- 

mon use are given. They 
are known by the following 
names : — 

A. Square files y which are 
made both taper and par- 
allel. They frequently have 

F,G. s6.-Scctions of File.. ^^^ ^^y^ gj^jg . ^^ ^^^ gj^^ 

left smooth. 
B. FlatfileSy amongst which a large proportion of the files 
used for mechanical work must be included, although many 
of them have special names by which their variations in 
width, thickness, and outline are distinguished. Such are : — 
Handfiles^ which are nearly parallel as to their width, but 
whose thickness is far from being uniform throughout. 
Taper flat files vary to a still greater extent in thickness, and 
also have their sides * bellied.' Parallel hand files approach 
more nearly than hand files to uniformity of thickness and 
width, and equalling files attain to it in point of thickness, 
and are generally also parallel in width, and thinner than 
most of the preceding ones. Pillar files and Cotter files are 
of rectangular section, but narrower than hand files.' Mill- 
saw or Topping files, both taper and parallel, are shown at e 
and /in Fig. 55. One or both of their edges are frequently 
rounded as in* the half-section c, Fig. 56. Some hand, 
equalling, and other files have their edges similarly rounded, 
and some have bevelled edges, as in the half-section d in 
the same figure. 
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E. Round files^ when small and taper, are known as rat- 
tail files. Under the name of Gulletting files (c. Fig. 55) 
parallel round files are very largely used for deepening the 

* gullets ' of the saw-teeth of that name. 

F* Frafne-saw or Pit-saw files (d^ Fig. 55) are parallel (or 
sometimes taper) files of this section, which can be used for 
both * gulletting ' and * topping.' 

G. Half -round files are almost always taper. Those of the 
section f have more right to the name, but they are not in^ 
eluded except as * high-back half-round.' Most of the 
half-round files made in Sheffield are nearly of the propor- 
tions given in the section (g) ; but those made in Lancashire 
are of three different * heights ; ' the thicker and the thmner 
sections being known as high-back and flat-back respec- 
tively. 

H. Cross or crossing files ^^ sometimes called double half- 
round. They are made both taper and parallel. 

K. Three-square files ^ shown both taper and parallel in Fig. 
55. They are very much used both for sharpening saws and 
for general purposes. 

L. Cant files, generally parallel, and cut on all three 
sides. 

M. Knifercdge or Knife files, either taper or parallel 

N. Feather-edge files^ almost always parallel. 

Many of the small files used by clock and watch makers, 
although the sections resemble those above given, are known 
amongst them by special names, derived for the most part 
fi"om the particular use to which they are chiefly applied. 
Thus the crossing file (h, Fig. 56) in all probability owes its 
appellation to the convenience of its section for filing out 
the cross arms of clock wheels. Neither this nor the * cant,' 

* knife,' or * feather-edge ' files are often to be found in the 
workshop of the engineer. 

Rubbers are large and coarse files, made of an inferior quality 
of steel, which are sold by weight. They are generally cf 
the form and section given in Fig. 57, and are used for rough 

G 



82 



Workshop Appliances, 



[Chap. 




manufacturing purposes, but not for the higher kinds oi 
work. 

Bent files, called RiflerSy are made of various degrees of 

curvature. One of them is repre- 
sented in outline in Fig. 58. They 
are the only kind of file which can 
be brought to bear upon concave 
surfaces which have any considerable 
curvature in more than one direc- 
tion, and they are therefore of oc- 
casional use in the workshop, espe- 
cially among brass finishers, who use 
them for filing up concave mould- 
ings in brass castings. 

With regard to the various kinds 
of ait by which file teeth are pro- 
duced, we must mention that English 
files are divided into two distinct 
c\3S%t%— Sheffield files and Lanca- 
shire files (Sheffield and Warrington 
being the places where they are 
,,chiefly made), and that these differ from each other in 
severaj particulars. Of these the most important formerly 
was the superiority of those made in Lancashire in respect 
both of form and durability, but, as far at least as the 
larger kinds are concerned, this no longer holds good to a 
sufficient extent to compensate for their higher price, although 
the small files used in clockmaking, &q., are still exclusively 
Lancashire. To one point of difference between them 
attention has already been called in connection with the * half- 
roun4 ' section (g. Fig. 56) ; another is the fact of the ' cut ' 
of Lancashire files, being only of the first kind given on the 
opposite page, so that our description must be understood to 
apply only to those sold as * Sheffield.' 

In Fig. 59 are represented the three principal kinds of ^/ 
by which files are divided into double-cut files ^ which are 
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always meant when * files '^^re. spoken of without any par- 
ticular cut being specified), Single-cut files ox Floats, and Rasps, 
Besides these there is also another, which differs from the 
first only in the obliquity* of its two series of cuts (one of 
them being almost square across the file) : it is known as the 
Neut cut, and is said to have special merits for filing wrought 
iron. But of all of them the first is by far the most largely 
employed, almost all the files used for metal, as well as 
cabinet-makers' files, and many others, being double-cut. 
Saw files, however, are an exception, all varieties of them 
being frequently, though by no means invariably single-cut ; 
these when in u^e being considered by many persons to 
* cut sweeter ' than those which are double-cut. To these 
the term * float ' is not applied ; floats are extensively used for 
preparing brass for burnishing, rasps being chiefly used for 
wood, bone, and other comparatively soft materials. 

In addition to the kinds of cut, the preceding figure shows 
also many of the degrees of fineness in which files are made, 
together with the names by which they are distinguished. 
The teeth are represented of the actual sizes which they 
would be in files 1 2 inches long, those of smaller files being 
finer, and those of larger ones somewhat coarser. The com- 
plete series is given in the case of the double-cut only, both 
floats and rasps being also made of about six different degrees. 

As far as the double-cut is concerned, the engraving re- 
presents with tolerable truth the teeth of Lancashire as 
well as of Sheffield files, but among the former the finest are 
known as superfine, and not as * dead-smooth.' The number 
and the accuracy of the teeth in ^ome of these is certainly 
wonderful. Mr. Holtzapffel mentions having himself found 
that one of the smallest and finest Lancashire files contained 
nearly 300 cuts per inch of its length ; yet these are pro- 
duced entirely by hand — machine-cutting, although it has 
been carried out with some success on the continent of 
Europe, having liitherto made but little headway in this 
country. The operation is of such interest, as illustrating 
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the very high degree of perfection which may result from 
skilful manipulation, that we cannot refrain from giving a 
' slight outline of the process, which is conducted as follows : — 
The soft cast-steel blank is placed on an anvil With the tang 
towards the operator, and is there held by means of a foot- 
strap j a suitable piece of lead or pewter being interposed 
when its section requires a V-shaped or other special 
support, or when the under side has been previously cut. 
Commencing at the point, the file cutter then makes a 
series of cuts with a chisel of which the width rather exceeds 
the width of the cuts, striking it with a hammer which is 
strictly proportioned as to weight to the amount of burr to 
be thrown up at each cut, or in other words, to the degree 
of coarseness of the teeth. In order to place the chisel 
correctly he slides its edge a little way along the greased sur- 
face of the blank, till it comes into contact with the burr of 
the preceding tooth. The height of this burr, and the greater 
or less inclination given to the chisel, thus determine the 
space by which each succeeding tooth is in advance of the 
previous one. Double-cut files have two series of cuts in- 
clined in opposite directions to the axis of the file, the edges 
of the teeth produced by the first series being very slightly 
smoothed over before the second series is commenced. For 
rasps the straight-edged chisel is replaced by a pointed 
punch, and in their case the evenness of the teeth depends 
solely upon the skill with which the file-cutter hops 
the punch into the right positions. In whatever pattern he 
may choose to arrange the teeth, his Object should always be 
to place as few of them as possible exactly behind each other. 

After being cut, files are straightened and hardened, 
during which process they are coated with a mixture which 
protects their teeth firom the direct action of the fire. 

Drills^ which are, perhaps, the next most largely used of 
workshop appliances, trench so closely upon the province of 
' machine-tools,' t at it is difficult tb say how far they may 
Jbe properly included in this chapter. For a drill without 
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some mechanical arrangement by which sufficient speed or 
power for driving it can be obtained, is as useless as an 
auger without a handle, or a plane-iron without a stock. 
In default of a better distinction, we shall, therefore, only 
notice here some of the steel drills themselves, and the 
portable braces &c. in which they are sometimes used. 

Most drills for metal have two similar cutting edges, a 
characteristic by which they may be broadly distinguished 
from those used for wood. This makes them, in a mechani- 
cal point of view, miich 
y^ — -X c^— ^ more perfect instru- 
ments, as will be seen 






from the diagram Fig. 

60, which gives sectional 
Fig 60. plans of a spoon-bitt («), 

a centre-bitt (b\ and a 
drill (c) ; the hole bored by each being represented by the 
circle. Supposing the rotary motion to be produced in each 
case by two equal and opposite forces, it will be noticed that 
in a one only of these forces is employed in cutting; the other 
being expended in merely pressing the back of the shell 
against the side of the hole, giving rise to the great friction 
and heating to which tools of this class are subject In 
d 2L portion of this opposite force is utilised in driving 
the * nicker,' the remainder producing a side strain upon 
the central pin. In c, however, both of them are wholly 
consumed in cutting, and the tool being in perfect equili- 
brium, it is possible for it to maintain the straightness of its 
course and the circularity of the hole without such support 
as is afforded by the shell in the one case and by the 
central pin in the other. But this distinction does not ob- 
tain universally, in each class there being some exceptions ; 
such as the double spiral screw-auger previously mentioned 
(Fig. 41), and the Swiss drill figured on the opposite page, 
which are examples of double-edged wood borers and single- 
acting metal drills respectively. 
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In Fig. 6r the cutting portion of various kinds of drill are 
represented. Of these a is the ordinary watchmaker's 
drill, which although it scrapes rather than cuts, is more 
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efficient than might be expected, when its size is small and 
its revolution rapid. For a drill of this kind indeed, which 
is to be driven alternately backwards and forwards — which 
these generally are— double-bevelled edges are better adapted 
than those with a single bevel, since the latter, although they 
might cut more quickly when revolving in one direction, 
would do nothing when moving in the other. One great 
disadvantage in this form of point is that the diameter of tlie 
hole produced by it is altered every time the drill is 
sharpened ; which, however, can be obviated by making its 
sides parallel for a short distance above the cutting edges. 
From doing this another result — and a most important one 
— also follows ; viz., the sides are enabled to assist in the 
guidance of the drill, which is thus rendered much less liable 
to change its direction during its advance, in consequence 
of any slight alteration in the direction of the pressure 
applied to it, or any other cause. With a drill of the form 
ii, which also cuts when revolving in either direction, it is 
almost impossible to drill a hole otherwise than straight ; 
and however frequently it may be sharpened its original 
diameter is maintained. Of the drills which are adapted for 
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revolution in one direction only, c is more frequently to be 
met with than any other ; its use being general, alike for the 
smallest perforations produced in a foot-lathe, and for the 
heaviest operations of a drilling machine.^ It may be 
observed that these have but little inclination of their own 
to enter the material which is being drilled, since the angle 
of their cutting edge is by no means acute, and its front face 
is either at right angles to the surface upon which it is 
operating, or is slightly tilted forwards. This, combined 
with the bluntness of the point — which is an evil inseparable 
from this form of drill — necessitates, in the case of the harder 
metals at least, the application of considerable y»ft//;/^ pres- 
sure that a drill of this kind may be kept up to its work ; 
its action is then not otherwise than rapid, and is perfectly 
analogous to that of the metal-cutting tools used in the 
^athe. The great, heat evolved, however, forbids any but a 
very moderate rapidity being given to it By simply forming 
a groove in the front face of each of the cutting edges, as 
shown in that marked d in the figure, any desired degree of 
acuteness can be given, the strength of edge required for 
the particular material under treatment being the only limit 
to the extent to which this may be done. To this plan, 
however, the much greater amount of grinding necessary 
whenever the edges of the drill require to be renewed is an 
objection. 

Two kinds of drill, in which the principle of making them 
self-guiding by providing them with parallel edges is fully 
carried out, are shown in e and/. The former is known as 
^Q fluted drill, and the latter is the twist drill. Their differ- 
ence, as far as their cutting edges are concerned, corresponds 
with that just pointed out with reference to the drills c and 
d. In e the front face of each edge (which is formed by one 
side of the groove or fluting) is perpendicular to the surface 
of the work, so that the depth of its cut is dependent upon 
the feeding pressure. But in/, by the simple and beautiful 
expedient of carrying the groove spirally round the stem. 
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any moderate incliDation can be given to this face, and how- 
ever much the extremity may be ground away, its angle 
always remains invariable. When the twist is as sharp as 
that shown in the figure, this drill is admirably adapted for 
boring the hardest kinds of wood or the softer metals, which 
it cuts greedily with but little pressure. For iron and similar 
materials, its strength — ^which is inferior to that of e — is 
scarcely sufficient In sharpening either of these drills, it 
is necessary to grind the extremity in such a manner that 
the lower face of each cutting edge shall form a portion of 
an independent spiral, instead of allowing both of them to 
become part of one and the same conical surface. Inf the 
spiral face is shown much exaggerated, but its pitch may be 
slightly varied according to the nature of the material to be 
drilled and the extent to which the strength of the edge may 
be reduced in operating upon it But however strong an 
edge may be required, the point must never be absolutely 
conical, of which the effect would be similar to that of 
grinding the drill c without any bevel {ue. with the cutting 
angle equal to the following angle of its edge), in whicl) 
case no available pressure would suffice to feed it. Con- 
sequently the small angle which this face forms with the 
surface of the work — which corresponds with that called by 
Mr. Babbage the * angle of 
relief * in the case of metal 
turning and planing tools 
— is absolutely essential to 
the working of a drill ; and 
with every increase in this 2 

angle a correspondingly fi^. 62.-Bow-Driii stocks (i). 

diminished pressure is ca- 
pable of giving an equal amount of feed ; in other words, the 
more greedy the drill becomes. 

In drilling holes of very small diameter, we have seen 
that the pointed form of tool employed by watchmakers 
and others requires rapid rotation alternately in opposite 
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directions, with but little feeding pressure. These conditions 
are well satisfied by the ordinary bow-drill {a. Fig. 62), the 
method of using which will be evident from Fig. 63. The 




dnll IS either fixed in a stock, as shown above, or is itself of 
sufficient length to cany a wooden sheave or barrel, round 
which when in use, the string of the drill-bow takes a single 
turn the pointed end of its stem resting meanwhile in a 
shallow centre hole in a sheet-iron breast-plate, strapped 
round the chest of the workman ; or, if the work cannot con- 
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veniently be so fixed that the drill may be held horizontally 
(or nearly so), the breast-plate may be held in the left hand, by 
which, when the drill is small, ample pressure can be applied. 
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In by Fig. 62, is another form of bow-drill stock, for which 
no loose breast-plate is required. A coarse screw-thread cut 
upon the surface of its barrel saves the gut, of which the 
bow string is generally made, from chafing at its point of 
crossing. The bows in question, when small, are almost in- 
variably made of whalebone, larger ones being generally 
made of cane, but occasionally of steel. 

The Archimedean drill-stock (Fig. 64) is an invention which 
dispenses with the necessity for either breast-plate or bow> 
the motion of the right hand being, by means of the spirally 
grooved stem, converted into rotation, which in its constant 
change of direction resembles that obtained fi-om the drill 
bow. But it is by no means an equally economical applica- 
tion of power, and — probably on that account — it has not 
at present done much towards supplanting the bow-drill 
amongst those who have much use for such instruments. The 
many-threaded spiral shown in the engraving is produced by 
twisting a piece of pinion wire — but the grooves of these 
drill-stocks are frequently much fewer in number and of. 
larger size. 

The beuel-wheel drill stock or brace (Fig. 65) may in many 
cases be convenientiy used for drilling holes which are of 
larger size than those for which the foregoing stocks are 
adapted ; but which, at the same time, are not so large as to 
require a greater amount of feeding power than is obtain- 
able by letting the flattened head bear against the chest of 
the workman. Its construction is sufficiently clear from the 
engraving ; but the proportion between the bevel wheels in 
some of these' stocks is such as to give a greater, and in 
others to give a less velocity to the drill than that of the 
winch handle by which it is driven. 

Passing on to yet larger sizes, for which the above method 
of feeding the drills is inadequate, we come to the old — but 
simple and efficient — smith! s brace^ which is represented in 
position for use in Fig. 66. It will be observed that it 
requires to be constantly associated with a cramps one end 
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of which must be provided with a feeding screw ; unless 
indeed the brace itself contain one, in which case the cramp 
may consist simply of a Stout bar bent to the requisite fonn. 
(In the engraving both the cramp and the brace have feed- 
ing screws, but this is superfluous.) For drilling small 
articles, the cramp must in turn be supported in a tail- or 
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bench-vice (as in the figure), or the place of this may be taken 
by a pillar, either temporarily or permanently fixed to the 
bench, on the surface of which the work is then placed, an 
adjustable horizontal arm carried by the pillar receiving the 
thrust from the upper end of the brace. Another method 
of feeding the drill, which has long been employed in black- 
smiths' shops, is to arrange a lever in such a manner that a 
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■ heavy weight at one of its extremities may constantly press 
downwards upon the brace placed below it near the other; 
but this, although it is superior 
to the cramp or pilkr arrange- 
ment, Knee it gives a continuous 
and self-acting feed, can hardly 
be classed amongst portable forms 
of drilling apparatus. 

■When portability is a main 
consideradon — more especially 
as in such cases the space re- 
quired for working an ordinary 
brace is frequently not available 
— some kind of ratchet-brace is 
almost always substituted for it 
This admirable contrivance is re- 
presented in Fig. 67 almost in 
its original form, and although 
much ingenuity has been expen- 
ded in devising modifications of 
it, few, if any of them, have ob- 
tained as general acceptance. _ _ _ 
The stock, in the lower part of 

which the drill is fixed, contains its own feeding-screw, of 
which a portion appears in the engraving below the elongated 
hexagonal nut. By this nut, which forms the entire upper 
portion of the stock, the feeding screw is wholly concealed 
when it is screwed home. The hand-lever on the right in 
the figure is entirely detached from the body of the stock, 
but by means of the ratchet-wheel on the latter and the 
click carried by the lever, the effect of imparting to it any 
amount of backward and forward motion is to cause an 
intermittent revolution of the stock together with any drill 
which may be fixed in it At the same time any desired 
feeding pressure can be obtained by simply arresting the 
upper portion of the stock during the forward movement of 
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the lever. A short length of the feeding screw is thereby 
withdrawn, so that the distance between the point of the 
drill and the top of the stock is increased. A simple cramp 
is of course in general a necessary adjunct for this as well 
as for the plain brace, but its height can be very much re- 
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duced ; as can also the distance from any high projecting 
portion of the work at which the drill can be applied with 
this instrument. 

After a hole has been drilled, its sides not unfrequently 
require smoothing, or it may have to be enlarged. For 
either of these purposes rimers or broaches are the tools 
generally used ; their forms and their cross-sections, as also 
their sizes, varying according to the purpose for which they 
are intended. Two * taper ' rimers are shown in Fig. 68, in 
which the angles do not exceed 90®, and are favourably 
placed for cutting rather than for scraping, which is not the 
case when the cross-section consists merely of a flat-sided 
figure with five, six, or even eight sides, as it sometimes does. 
In using rimers of this kind, a very trifling downward pres- 
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Fig. 68. 
Rimers. 



sure is required, for their finely tapered form causes this to 

be converted into a powerful lateral thrust against the sides 

of the hole, which in their case constitutes the 

true feeding pressure. For leaving the sides of 

a hole parallel instead of making it taper, 

rimers are not unfirequently made of equal 

diameter for the greater part of their length, the 

iwhole of the cutting being then performed by 

the sharply tapered extremity with which they 

are provided, the upper portion serving only as 

a guide. Or a similar effect may be produced 

by giving them a * bellied ' form and retaining the 

cutting angles throughout their whole length, but 

with these the perfect straightness of a hole 

cannot be secured with equal certainty. 

If a rimer be made, not from a plain conical piece of steel, 
but from one on whose surface a screw-thread has been 
previously cut, it is evident that if its advance at each 
revolution be equal to the pitch of its screw, it will produce 
a counterpart of the thread in the interior of the hole 
through which it is passed. Exactly on this principle are 
the screw-taps by which internal or * female ' screws are pro- 
duced, to which, together with the usual means of cutting 
external screws by hand, most of our remaining space must 
be devoted. 

Internal screws, then, were formerly made by applying to 
the hole which was to be * tapped ' a tapered screw-tap of 
hardened steel, upon the conical surface 
of which a screw-thread had been pre- 
viously cut to an equal depth through- 
out its length, three or four flat facets 
having been afterwards filed upon it to 
at least the depth of the thread. Its 
section thus resembled ^ or ^ in the accompanying cut (Fig. 
69), from which it will be evident that— especially in the 
case of <r— the exceedingly obtuse angles which they 





Fig. 69. 
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presented were quite incapable of cutting, and could 
only remove the material from the hollow portion of the 
thread by a slow scraping action. This, together with a 
considerable amount of burring or pressing up of the raised 
parts of the thread, enable them to operate with tolerable 
efficiency upon wrought iron and other malleable metals, 
but with cast iron they were almost entirely incompetent to 
deal. Under the most favourable circumstances the process 
was a very slow one, the tap requiring to be worked back^ 
wards and forwards several times as each slight advance was 
made ; the full depth of the thread in a nut or in aoy other 

* thoroughfare ' hole being attained only when the whole of 
the screwed portion of the tap had passed through it. Con- 
siderable force was necessary to cause the tap to advance at 
all, and this was applied by means of a long bar or tap^ 
7vrench with a square hole at its centre, into which the 
squared upper end of the tap was fitted. But in order to 
give it sufficient strength, this square portion was made 
larger than the rest of the tap ; consequently, after doing its 
work, one of these old taps could not be removed firom the 
hole without being unscrewed through its whole length, 
which entailed much waste of time. 

Many improvements have been introduced into the hand 

* screwing tackle' used at the present day, to the construc- 
tion and manufacture of which Sir J. Whitvvorth has devoted 
much attention. Fig. 70 shows a set of three screw-taps, 
consisting of a taper^ an intermediate^ and a pltig-tap, A 
cross section to a larger scale — which applies equally to all 
of them — is also given in the figure ; by which the great re- 
duction in the cutting angles and the superiority of their 
position with regard to the surface to be cut, which results 
from the adoption of this fluted form, is rendered evident. 
For in the sections b and a. Fig. 69, these angles exceeded 
120*^ and 135° respectively, whereas in the present case they 
are not more than 90^, and the front face of each (the arrows 
showing the direction in which the tap revolves when work- 
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ing) is radial, so that it can remove the meial from between 
the threads by a true cutting action, and has no tendency to 
throw up a burr in the manner 
mentioned above. The threads | 
upon the taps themselves are 
cut perfectly parallel through- 
out, the tapered form of the in- 
termediate and taper taps being J 
given by subsequently taking I 
off the tops of the threads n 
a greater cr less extent Ii 
the former this is only done | 
for a short distance from the I 
lower extremity, but in the ' 
latter it is earned to such an 
extent that the threads are en- 
tirely obliterated at the bottom 
of the tap, a small number of 
them only at the upper end 
retaining their full depth 1 his 
enables a taper tap to enter 
a hole of the proper size 

without difficulty, its first few revolutions doing little more 
than trace out a thread of suiKcient depth to lead it on- 
wards. But by the series of cutting angles which it pre- 
sents during its advance — each of which to a small extent 
exceeds its predecessor m height — successive portions are 
removed from the spiral groove through which they pass, till 
on its upper end emerging from the hole, the tap will be 
found to have left behind it an almost perfect counterpart of 
the thread which was originally cut upon its own surface. 
Any slight inequahty which it may possess is then easily re- 
moved by foUowmg it up with the intermediate tap , the 
tedious process of unscrewing mentioned abo^e being now 
unnecessary, since the more perfect action of these taps en- 
ables the force applied to them to be reduced, so that the 
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square head can be made sufficiently small to drop through 
the hole througli which the screwed portion has passed. If 
the hole be shallow, the operation must be commenced with 
the intermediate instead of with the taper-tap ; in this case 
the finishing cut is given with the plug-tap, of which the 
threads are left of the full depth quite to the extremity. It 
should be noticed with reference both to taps and rimers of 
the above, or any other section with several grooves or 
flutings — unless, indeed, the proportion of the circumference 
occupied by the grooves is greatly in excess of what remains — 
that it is essential to their efficiency for their advancing or 
cutting angles to project beyond or to be at a greater dis- 
tance from the centre of the figure than the following angles, 
which are not required for cutting. If this be not attended 
to, it is evident that the whole of the concentric portion of 
the section must be forced into the material before any feed 
can be obtained ; which, even if it were possible, would 
cause so great an amount of friction against the interior of 
the hole, that the tool would be broken by torsion before it 
could be made to revolve. On carefiiUy observing any well- 
made taps, like those shown in the engraving, it will be seen 
that on this account the threads, more especially in taper taps, 
by which the bulk of the material is removed, are always 
filed off to a much greater extent upon their following than 
on their cutting angles. Like the rimers of similar section 
noticed above, they can therefore only cut whilst revolving 
in one direction. In the old flat-sided taps this was not 
done, and in spite of the circumference being cut away to 
an extent which greatly endangered the evenness of the 
thread produced by them, the necessity for forcing these 
still comparatively large surfaces into the material before 
any feed could be obtained, had doubtless more to do with 
their enormous and unnecessary consumption of power than 
even the unfavourable nature of their angles. This view is 
confirmed by the much greater ease and efficiency with 
which six-sided and eight-sided rimers perform their work; 
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for ia these, since no part of the conical surface remains, a 
very much smaller amount of pressure 
suihces to cause the angles in which their 
&cets meet to enter the work. 

In cutting external screw-threads also 
much improvement has been effected 
since the days in which the plain screw- 
plait was the only hand-tool used for the 
purpose. It consisted simply of a steel 
plate with a number of tapped holes in it, 
a series of from two to six of which were 
to be used for each size of screw. These 

were even less capable of cuttmg 

than the early forms of tap just 

described, thescrewsbeingentirely 

produced by pressing or swellmg 

out of the threads at the expense 

of the material between thetrL 

The diameter of the finished 

screw was thus generally greater J 

than that of the original wue or" 

rod. By the addition of two or 

more notches to each hole a cer- / 
sc^ tain amount of cutting took the 
^^■t- place of this violent treatment; 
and thus modified the notched screw-plate 
(Fig, 71) is still much used for small work. 
But for larger screws it became abso- 
lutely necessary to make the cutting action 
more perfect, and so to diminish the 
wasteful expenditure of power which the 
use of the screw-plate entails. This was 
done by the introduction of the stock and 
dies (Fig. 7 z), which enabled one pair of 
dies first to trace out the thread lightly pn^j,__j3rjin, 
upon a cylindrical surface, and eventu- 
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ally, by being gradually brought closer together, to cut 
it to the full depth. Moreover, by making the cavity in 
the die-stock of sufficient length (as in the engraving), or 
by various other means, the dies could be easily removed 
and replaced by others of different sizes. This arrange- 
ment, however, is defective, inasmuch as the curvature of 
the dies must be either too great for them to admit the 
uncut bar — in which case their outer angles only can act,. 





which, having but Uttle guiding power, are liable to set 
out a thread which is uneven or ' drunk ; ' — or, as the screw 
approaches completion, the work is performed more and 
more by the central f>ortion only of each die. Fig. 73 
shows these defects, the curvature of the dies coinciding 
with that of the finished screw in the upper half of the 
diagram, and with that of the uncut rod in the lower half. 
The usual practice is, therefore, to cut the dies with a cur- 
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vature intermediate between the two, but this is only a 
partial remedy for the evil. 

A much more satisfactory arrangement is that originally 
devised by Sir J. Whitworth, in which three dies of small 
but not of eoual width are substituted for the two wide 
ones, shown in the foregoing figures. As we have seen in 
the case of screw-taps, the effect of narrowing the concentric 
portions is to effect a corresponding reduction in the power 
which must be expended in working them ; the necessity 
for retaining sufficient width to* ensure the evenness of 
the screw-thread being the chief limit to the extent to 
which this may be done. In the Guide screwing-stock — of 
which the central portion is represented in Fig. 74 — the 
advantages of efficient guidance combined with great facility 
of working are obtained by making two of the dies only of 
small width, and performing the bulk of the cutting with 
them ; employing the third almost exclusively as a guide to 
ensure the uniformity of the thread. This — the stationary 
die (marked a) — ^is clearly seen in the engraving, as are also 
the moving dies, b and c ; the top plate — y^hxch. to a great 
extent conceals them when in use, and of which the hold- 
ing down screws appear — having been removed for the 
purpose of showing them. These moving dies are made to 
advance equally by turning the nut {e\ by which the in- 
clined portions of the sliding-piece {d) are gradually drawn 
in behind them till the full depth of the thread has been 
attained. Their action, however, is not simultaneous, the 
curvature of their extremities and their cutting angles being 
so arranged that one shall cut when the stock is turned in 
one direction, and the other when it is turned in the 
opposite one. These dies can be replaced by others for 
the production of screws of other diameters, and can be 
sharpened by grinding with the same facility as ordinary 
tools. 

In cutting the threads upon the dies themselves, Master- 
taps are used ; one of which is shown in Fig. 75, These 
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differ from the ordinary taps shown on a previous page (see 
F'g- 70)1 '1 being of lai^er diameter (Sir J. Whitwcrth's 

3 exceed the working taps by twice the depth of 
the thread, which gives perfect contact, and thus 
produces an even thread at the commencement 
of the cut), and also in having much narrower 
longitudinal grooves and a larger number of them, 
which is rendered necessary by the small amount 
of surface which the dies present. Similar instru- 
ments, known as hcbs^ are also employed in form- 
ing the cutting ends of screw-chasing tools for 
MisieJra ^^^ '" ^^ lathe. The importance of possessii^ 
and carefiilly preserving a correct set of master- 
' taps will be evident when it is remembered that the screws 
produced by the above processes are in all cases mere 
copies of those already in existence upon the surface of the 
taps and dies ; and that the simplest, if not the only prac- 
tically available method of maintaining the unifonnity of 
these threads — which it is in the behest degree desirable to 
do — is to have at hand a constant standard of reference by 
which the effect of continued wear upon the working copies 
may be detected and remedied. 

So important does Sir J, Whitworth consider the subject 
of the unifonnity of screw-threads— not only of those made in 
a single workshop or for one particular purpose, but of all 
to which a fixed pitch can be applied throughout the whole 
country^ — that he arranged and published partly in the year 
1841 and partly in 1857 the following table, the use of which, 
for machines and engineering work, has been gradually ex- 
tending with most beneficial results ; the excessive loss and 
inconvenience which arose from the absence of any standard 
pitch being now universally acknowledged. (See table next 
page). 

The angle made by the opposite sides of the thread is 
55" in every case, but the extreme depth which this angle 
would give is reduced by rounding off the top and bottom. 
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each to the extent of one-sixth, as the diagram (Fig. 76) 
will explain. Thus the depth given to the thread is only 
two-thirds of that which it would have if its sides inter- 
sected, being '64 of the pitch instead 
of -96. 

Square-threaded screws, which are 
used for many purposes, since they 
possess greater power, although less 
strength, than those of the above form 
(as explained in another volume of this 
series),' have generally half the number _'l 
of threads per inch than would be given Fig.t& 

to them if the threads were angular, the depth being usually 
equal to the space between the threads. When coarse, 
however, they should be deeper in proportion thanwhen 
they are fine. 

' ElemaUs of Mechanism, p. 17. 



I uic uiicdij i& <jiiiy 

ve if its sides inter- 



104 



Workshop Appliances. 



[Chap. 



For many purposes — such as screws cut on the outside 
or inside of tubes— much finer threads than those given in 
the preceding table are required. In these there is much 
less uniformity than could be wished, although the immense 
consumption of metal tubes for the distribution of coal-gas 
has caused some such threads to be pretty generally recog- 
nised, under the name oi gas-threads. The following are the 
pitches used by Sir J. Whitworth in his taps and dies for 
gas-tubing : — 



Diameter of tube, in inches . 
Number of threads per indi 
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This and the previous table must not, however, be sup- 
posed to apply only to the forms of apparatus which we 
hafve been describing — ^for this would confine their use within 
very narrow limits, since but a small proportion of the screws 
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in daily use are cut by hand with their assistance. For the 
production of many kinds, indeed, stocks and dies, even 
of the best construction, are much less well adapted than 
are other instruments which we have occasion to describe 
hereafter ; amongst which may be mentioned hand-chasing 
tools, the screw-cutting lathe, and bolt-screwing machinery, 
all of which have their special advantages. 

The remaining hand-tools for metal, of which the use is 
sufficiently general to demand our attention — if at least we 
except the Smith's saw (Fig. 77), which is almost the only 
representative of its class — will be found to consist chiefly 
of those which effect their operations by some kind of 
punching or shearing, rather than by what we have been 
considering as a true cutting action. In the latter, the 
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chippings, filings, &<%, produced, are almost invariably so 
much waste material ; in the former, the portion removed is 
abstracted in a single piece, and frequently constitutes the 
more valuable part of the product Another importaiit 
difference distinguishes punches and shears from the tools 
with which we have been dealing, viz., that in their case no 
feeding pressure is required, so that the direction of the 
driving force applied to them determines that in which their 
action takes place. 

The term * punch ' is made to include two very different 
kinds of instrument. Of one of these the chief duty is to 
indent the material to a greater or less extent, without abso- 
lutely dividing it ;^examples of which are to be found in the 
pointed centre-punch, the various thick-edged* circular and 
other punches with which thin discs, &a, may be partially 
cut from sheets of metal, and also in the ordinary cold-chisel, 
when used for nicking sheets or bars of moderate substance. 
But these cannot be driven through the entire thickness of 
the material, and therefore cannot be considered to cut it, 
unless it be placed upon some hard and ponderous mass, 
such as an anvil, by the reaction of which they are then 
assisted. In the accompanying diagram (Fig. 78), a repre- 
sents in section a tool of this description partially driven 
through a sheet of metal which 
rests upon the hard surface of 
an anvil. The difference be- 
tween this and a punch of the 
second kind {b) — ^which must be 
used in conjunction with a 
bolster placed beneath the work, 
and is thus precisely analogous 
in its action to the pair of shear 
blades {c) — is at once apparent ; 
since in these cases the portion '°" ^^* 

of the tool which is below the work is almost exactiy similar 
in figure to that which is above it, and, except when pre- 
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vented by extraneous circumstances, such as inequality in 
their areas, each performs an equal share of the work. It 
is evident, however, from the obtuseness of the edges in 
both cases, that the division of the material is effected by 
tearing its fibres apart rather than by cutting them fairly 
asunder; and this is equally true of the upper and lower 
blades of a pair of shears, and of the punch and bolster, 
which may be regarded as similar blades of a circular or 
other figure. 

Two pairs of hand shears are represented in Fig. 79. The 
upper one of them is the ordinary form of English hand 
shears^ which are often called snips, to distinguish them 
from the fixed-bench shears used for metal of greater thick- 
ness than can be cut when the tool is merely grasped in 
the hand, their blades being occasionally bent instead of 





,FiG. 79. — Hand Shears. 

Straight, for greater convenience in cutting out curved work. 
The lower pair, provided with bows like scissors, is of that 
known as the Scotch pattern. 

For cutting wires, &c., a modified form of shearing tool 
is sometimes employed. Opposite the pivot in each half of 
a pair of single-jointed nippers a notch is cut These 
notches coincide with one another when the nippers are 
open, so that a wire can be inserted into them. On closing 
the nippers, the wire is easily and cleanly divided. But 
these tools are but little used, either the cutting nippers or 
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the suiting pliers shown in Fig. 80 being ordinarily employed 
for the purpose. In these, although the direction of their 
edges is different, the cutters are ahke, the section d {Fig. 
78) applying equally to both of _ 

them. From this section it will 
.be perceived that their aci 
differsentirelyfromshearing, their ^ 
edges, although perfectly similar, 
being merely two opposed wedges 
which can be brought together 
til! they meet, but which cannot ' 
pass each other, after the manner 
of shear-blades ; consequently 
their angles are very much more 
acute, being from 30° to ^o' instead of from 80° 10 90°, to 
which the edges of shear-blades for metal are generally 
ground. 

Of the use of punches combined with bolsters — which we 
have been obliged to introduce above — it is hardly possible 
to give an example without trespassing into the province of 
machine-tools. For their performance 
clearly depends upon exact correspon- 
dence beii^ obtained between the 
position of the punch on the upper 
side of a plate and that of the bolster 
(or die as it is called when applied to 
the larger forms of punching machine) 
on the under side. Various kinds of 
holder, by the upper part of which the 
punch shall be guided when driven, 
whilst the lower either receives or itself 
forms the bolster, may be and possibly 
are employed ; but some form of ma- f,q_ g,. —Punching Beir. 
chine, in which both the punch and die 
can be fixed, and powerful pressure can be applied, add so 
greatly to their, value that they are almost invariably so used 
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in engineering workshops. The simplest and most portable 
of these hand-machines is liht punching bear (^\g, 8 1), which 
is, in fact, a powerful form of screw-press — by which plates 
of considerable thickness can be perforated by hand power. 
Applying his strength at the extremity of a lever passed 
through the eye of the screw, one man is able with this 
instrument to punch a hole as much as | of an inch in 
diameter through a plate f of an inch in thickness ; and 
other equally powerful forms of apparatus are made. 

Yet one other metal-tool must be mentioned here, which 
although it may be sought for in vain in the most complete 
tool-manufacturer's list, gives invaluable assistance to the 
accurate worker in metal We allude to the scraper, the 
adoption of which for the production of plane metallic sur- 
faces in lieu of the objectionable practice of grinding them, 
has resulted in a very much nearer approach to perfection" 
than was previously possible. To this subject we shall have 
to return in the next chapter : at present we confine our- 
selves to the tool itself; which may most conveniently be. 

made by grinding the end of a 
worn-out three-square file to the 
shape shown in Fig. 82. The three 
sharp edges thus produced must 
then be carefully set on an oilstone, 

Fig. 8,.-Metai Scraper. ^he Operation being frequenUy re- 

peated when the tool is in use. 

Although the grinding of metallic surfaces with abrasive 
substances — such as emery— \s by no means to be recom- 
mended, cases may sometimes occur in which the extreme 
hardness of the material or other causes render this treatment 
necessary. The following are some of the usual methods of 
performing such an operation. Either two surfaces may be 
simultaneously treated, the emery — ^reduced to a powder of 
as even a grain as possible, which can best be effected by 
* washing ' it — ^being placed between them with a' small quan- 
tity of oil ; or the powder may be applied to the surface of 
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a metallic wheel or lapy which is then made to revolve, and is 
used in the same manner as a small grindstone ; or it can be 
glued upon sheets of paper and calico, which are thus con- 
verted into emery-paper and emery-cloth. These last are the 
forms in which emery is most frequently used in the work- 
shop, pieces of them being wrapped round a file or strip 
of wood, and applied to the surface of the work, either with 
or without oil, which leaves the work dull, though it causes 
the emery to cut more smoothly, for some purposes, again, 
emery sticks are preferred, the powder being in their case 
attached directiy to the surface of the wood; whilst for 
others it is more conveniently applied in the consolidated 
form of emery or corundum-wheels. The marks by which the 
different degrees of coarseness of emery-cloth are ordinarily 
distinguished in London, are : — No. o. No. ff, No. f, 
No. I, No. i^. No. 2, No. 2^, and No. 3 ; the first of these 
being the finest, and the last the coarsest. Emery powder 
itself is sold under the following names, commencing with 
the coarsest, of which the grain is about the size of mustard 
seed : — 



Com emery. 
•Coarse grinding emery. 
Grinding emery. 
Fine grinding emery. 
Super-grinding emery. 



Coarse flour emery. 
Flour emery. 
Fine flour emery. 
Superfine flour emery. 



The other abrasive materials used in the treatment of 
metallic surfaces are not often to be met with in engineering 
workshops. They are chiefly confined to the arts, in which 
smoothness of surface or ' finish ' is a mo»e important con- 
sideration than accuracy of form, and they are less frequently 
applied to wrought or cast iron than to brass and similar 
metals. Strips of oilstone, or of Water of Ayr stone (which is 
best kept constantly damp, so as to prevent its becoming 
hard, and should be used with water) may occasionally indeed 
be employed for removing the marks of the file or the 
scraper; but for working surfaces— upon which the chief 
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care should always be bestowed — ^this treatment is neither 
necessary nor desirable. One rather favourite method of 
finishing flat portions of the exterior of a piece of work by 
* curling ' the surface was introduced by the elder Mr. Holtz- 
apffel. The account of the process given by his son is as 
follows : — 

' The work/ after being filed, scraped, and stoned (with 
Water of Ayr stone), is 'clouded with a piece of char- 
coal and water, by means of which the entire surface is 
covered with large curly marks, which form the ground. 
The curls resemble an irregular cycloidal pattern, with loops 
of from :J^ to I inch diameter, according to the magnitude of 
the work. Similar but smaller marks are then made with a 
piece of snake stone, blue stone, or even a common slate 
pencil filed to a blunt point. The general effect of the 
work much depends upon the entire surface being uni- 
formly covered ; with which view the curls should be first 
continued around the margin; the central parts are then 
regularly filled in; after which the work is ready to be 
varnished.' 

In taking our leave of the subject of the hand-tools used 
for metal — from which we have been rather digressing-— we 
must not, however, omit one important subject in connec- 
tion with them ; namely, the maintenance of their cutting 
edges, which are for the most part liable to speedy dete- 
rioration, owing to the hardness of the materials upon which 
they are used. In one large class indeed which we have 
been considering — the files — the acuteness of the edges, 
when once lost, cannot be recovered ; in others, treatment 
upon the grindstone, as in the case of wood-tools, suffices 
for their renewal ; but for the most part the best, and fre- 
quently the only availatfle method of restoring their lost 
powers of cutting is to have recourse before grinding to the 
processes of forging and tempering. Into the consideration 
of the former of these indeed we cannot enter; the subject is 
far too wide to be treated in the cursory manner which would 
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be absolutely necessary here, and, moreover, a few practical 
lessons in the art are worth more than a volume of descrip- 
tion ; but with regard to the latter we cannot but think that 
a few pages may be profitably devoted to it. For although 
the number of tools mentioned in the present chapter which 
require this treatment at the hands of the user as well as of 
the manufacturer is not large, it must be remembered that 
the cutters of almost all machine-tools also are maintained 
in a state of efficiency by similar means. 

In the first place let us clear up one point in connection 
with the word temper^ which may otherwise lead to confusion. 
As used by the steel manufacturei^ — on whom so very much 
depends in the matter of cutting tools — this term is almost 
synonymous with the degree of carbonization of any particular 
sample of steel ; that which is highly carbonized, or contains 
a larger proportion of combined carbon, being considered to 
be of a * high temper,' and that in which the proportion is 
smaller, of a * low temper.' Thus, the steel which, during 
cementation, has received most carbon, will be said by the 
manufacturer to be of the * highest temper,' and therefore, 
suitable for tools which are to be used for turning or boring 
cast steel; the next lower being adapted for ordinary turning 
tools, the next again for chipping chisels, and that of the 
lowest temper for taps and dies, or for the knives of shearing 
machines. So it will be seen that it is always desirable to 
state the particular purpose for which the steel is to be used, 
and therefore, to make a practice of doing this, and then 
to leave the selection to some respectable manufacturer, is, 
we believe, the best recipe we can give for obtaining good 
steel. 

Crucible cast steel of the best quality should always be 
employed for metal-tools, for its greater cost in the first 
instance is more than repaid by their greater durability and 
the heavier cuts which can be taken with them. Some use- 
ful information as to the difference between cast steel, blister 
and shear steel, and their modes of manufacture, will be 



112 Workshop Appliances. [Chap. 

found in another volume of this series, and at the end of the 
present chapter a chemical method is given by which the 
percentage of carbon in any specimen of steel may be deter- 
mined, but as far as a crucial test of its suitability is con- 
cerned, we much doubt the existence of any except actual 
trial. The fracture of a hardened bar is indeed to some 
extent a guide, for although uniformity in the grain cannot 
be accepted as conclusive evidence of its being of good 
quality, the want of it is a certain indication oif its 
inferiority. 

Provided, then, that the tool — whether chipping chisel, 
drill, or other instrument — has been formed out of thoroughly 
good cast steel, by careful forging at the lowest possible 
heat, the hammering having been continued equally through- 
out the cutting portion till the metal has become almost 
cold, attention to the following description will probably 
enable the process of tempering — in its reference to the 
second or ordinary workshop use of the term * temper ' — to 
be successfully carried out If, however, these points have 
been disregarded, good results cannot be expected. The 
well-known properties which enable this process to be 
applied to steel, and by which it may be readily distinguished 
from wrought iron, are these : — First, on being heated and 
suddenly cooled it is rendered hard and brittle instead of 
being soft, ductile, and inelastic, as it is when allowed to cool 
slowly ; and secondly, if, when in the hard condition it be 
again heated, it loses more or less of its hardness according, 
to the temperature to which it is raised, elasticity at the same 
time taking the place of brittleness. Our object, therefore, in 
tempering tools is to obtain the greatest possible amount of 
hardness without sacrificing to too great an extent the re- 
quisite toughness and elasticity, for which we must have 
recourse to the two distinct processes of hardening and 
* tempering,' or letting down the temper. The first of these 
is effected by heating the tool, or the portion of it which is 
to be tempered, to a point not exceeding * cherry red ' (for 
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beyond this the heating should never be carried either in 
forging or in hardening), and on its withdrawal from the fire 
instantly plunging it into a vessel of cold water. If the heat 
has been sufficient, the tool will now be found to be exceed- 
ingly hard, sufficiently so to scratch glass readily ; if not, 
it must be re-heated to a slightly greater extent, but the lowest 
available temperature should always be employed. The 
next step will be to temper or let it down, and for the sake 
of simplicity we will for the present suppose that the entire 
tool is to be treated, although this is not very often the case 
in the workshop. As above stated, this operation consists 
in again heating it ; but inasmuch as it is of the greatest 
importance to raise it up to, but not beyond the temperature 
at which the particular steel under treatment receives the 
appropriate temper, some indication is necessary to inform 
us when this has been reached. That on which reliance is 
generally placed depends upon the circumstance, that the 
superficial oxidation which takes place when a piece of 
brightened steel is heated in the air, is accompanied by 
constantly varying coloration of the surface as the temper- 
ature in rising passes from about 430° to 600° Fahrenheit. 
The colours which it successively acquires, and which are 
given in the following table — which was arranged many years 
ago by Mr. Stodart — thus form a valuable index of the tem- 
perature, and serve to show the point at which the heating 
must be arrested. 

Fahr. 

1. Very pale straw yellow . 430° 

2. A shade of darker yellow 450° 

3. Darker straw yellow . . 470° 

4. Still darker straw yellow 490® 
$. A brown yellow . . . 500® 
6. A yellow tinged dightly 

with purple .... 520® 

Of these 12 tints, Nos. i and 2 approximately indicate 
the temperature to which instruments for which the greatest 







Fahr. 


7. 


Light purple . . 


• . 530° 


8. 


Dark purple . . 


. . 550** 


9- 


Dark blue . . 


. . 570° 


10. 


Paler blue . . 


. . 590° 


II. 


Still paler blue . 


. . 610° 


12. 


Still paler blue 


with 




tinge of green . 


. . 6300 
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hardness is required — such as cutting tools for metal— should 
be raised; Nos. 3 and 4 those adapted for wood-tools, and 
for screw-taps ; Nos. 5, 6, and 7, those which may be used 
in tempering saws, and also hatchets, chipping chisels, and 
other tools which are subjected to percussion ; Nos. 8 and 9 
for springs ; whilst by those which correspond to Nos. 10, 
II, and 12 steel is let down to so great an extent as to 
render it altogether too soft for the above purposes. To 
enable these colours to be observed, the surface of the steel 
must be brightened upon the grindstone after hardening, and in 
such a case as we have been supposing, wliere a considerable 
portion has to be brought to one uniform temper, great care 
will be necessary to perform both this and the previous 
operations of heating and cooling with sufficient iihiformity. 
I^;i this the following general directions may be of assist- 
ance, but the particular treatment must, of course, often be 
varied according to the form and size of the object to be 
tempered. 

In the first place the ' scale,' which forms upon the exterior 
of a steel forging as well as upon an iron one, should be re- 
moved by grinding or filing up the entire surface of any 
portion over which the temper is to extend, in order that it 
may receive and part with its heat equally throughout 
Secondly, in being hardened, the object should have ample 
time to become equally hot all over, by being allowed to 
* soak ' in a fire of sufficient size to surround it completely.- 
For all purposes connected with steel, a charcoal or coke 
fire is preferable to one made of raw coal ; but in harden- 
ing, contact with the fuel may be prevented by inserting 
an iron tube or box into the fire and placing the instrument 
to be heated within it When it has thus been brought to 
the lowest red heat at which it is found possible to harden 
the particular sample of steel which is being treated, it should 
be at once plunged into water — vertically, if its shape admits 
of it — and remain in the water until it is quite cold through- 
out, since it is then rather less liable to be cracked or dis- 
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torted by unequal contraction — accidents which very fre- 
quently occur at this stage, and against which it is almost 
impossible to guard with certainty. Lastly, in the final 
process of tempering, the same precautions must be taken 
to ensure uniformity of heating j but as a much lower 
temperature is required, and its progress has to be carefully 
watched, the object may be conveniently laid on the top 
of a clear fire, or if small, upon a heated iron bar or 
plate. 

The first of the tints mentioned above can only be 
perceived by comparing the object which is being tem- 
pered with the brightened surface of a piece of cold steel ; 
and when very great hardness is required, it may be neces- 
sary to use a still lower temperature for letting it down. 
In such cases, since the colour of the surface does not 
then form a guide, recourse must be had to other methods ; 
immersion in a bath of oil, mercury, or some fusible alloy 
being amongst the best of them. In tempering cutiery, 
&c., on a manufacturing scale, this mode of heating is 
largely used both in hardening and in letting down, the heat 
of the bath being known either from the melting point in 
the case of the metals and alloys (except mercury), from the 
amount of smoke driven off in the case of oil, &c., or by in- 
troducing a thermometer into tiie bath. 

The smoking and the flashing temperatures of oil are also 
frequently turned to account in tempering, without employ- 
ing a batii at all. This method is known as blazing off, and 
consists in coating the hardened object with cold oil, either 
by dipping or otherwise, and then warming it uniformly over 
a clear fire till a copious smoke is given off. According to 
the degree of hardness required it is then either removed 
from the fire or the heating is continued till the oil inflames. 
The temper thus obtained is low, but this method— although 
not so well adapted for the tempering of cutting tools, may 

be often used advantageously for steel springs, &a 

1 2 
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But in most of the tools to which the mechanician is likely 
to be called upon to apply the above processes for himself, 
it is unnecessary, and even undesirable, to extend the 
temper beyond the immediate vicinity of the cutting edge. 
This enables both the hardening and the tempering to be 
performed with one single heating, in the following manner : — 
The chisel or other tool is brought to a cherry-red heat, 
either throughout, or at its cutting end only, according to its 
length. On being taken out of the fire, this end is instantly 
dipped, for a short distance only, into the water-trough, 
being withdrawn as soon as this part of it has been 
thoroughly cooled. The stem, which has not been im- 
mersed, of course retains a considerable portion of its heat, 
and this, owing to the conducting power of the metal, soon 
begins to return to the paft which has been cooled. On 
brightening a small portion of the surface (by rubbing it 
upon a piece of sandstone), the faint yellow tints soon begin 
to appear, gradually extending themselves downwards to the 
extreme edge of the tool, and deepening iii colour. As 
soon as the edge is of the proper tint, the operation is 
brought to an end by immersing the entire tool, so as to 
deprive it of its remaining heat ; it is then ready to be 
sharpened upon the grindstone. In hardening, care should 
be taken to keep the tool in motion during its partial im- 
mersion, since if this be not done it is liable to be much 
weakened — sometimes even to break — at the water-line. 
It is also advisable to dip it vertically in the first instance, 
especially if any considerable length of it has to be hardened. 
But for practical information on the subject of tempering, 
the reader cannot do better than to refer to Mr. Ede's useful 
work on the treatment of steel.' ^ 

The following is Professor Eggertz's coloration-test for 
determining the percentage of combined carbon in pig-iron 

* The Management of Steel : By George Ede. 4th ed. : London 
1866. 
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or steel, as given by Dr. Percy ; 1 in whose valuable work 
methods for the determination of phosphorus and sulphur 
will also be found. 

Sesquioxide of iron dissolved in nitric acid, if not too 
concentrated, yields a solution which is free from colour, or 
has only a feeble greenish tint. When pig-iron or steel is 
acted on by nitric acid, the solution is coloured by the 
carbon product in proportion to the amount of combined 
carbon present, and there is no action on the graphite. A 
normal solution is prepared by dissolving some cast steel 
containing a known amount of carbon, with certain pre- 
cautions to be described, in so much nitric acid of 1*2 spe- 
cific gravity, that every cubic centimetre (=0-037 fluid oz.) 
of the solution may represent o'ooi grm. (=0015 gr.) of 
carbon. This normal solution does not maintain its colour, 
but generally becomes paler after twenty-four hours. Feebly 
burnt sugar gives a yellow, and hard burnt sugar a brown 
solution ; by dissolving a mixture of the two in a solution 
of equal parts of water and alcohol, it is possible to obtain 
a yellow-brown normal solution of the proper tint, which 
may be kept for some time in an hermetically- sealed tube 
pretty well protected from the influence of light In order 
occasionally to control the normal solution, o'l grm. 
(=1*543 grs.) of steel containing a known weight of carbon 
is dissolved in 5 cubic centimetres (=o*i8 fluid oz.) of 
nitric acid, and the solution diluted until the tint corre- 
sponds to that of the normal solution of burnt sugar. 

The process is conducted as follows : — o*i grm. (= 1*543 
grs.) of the finely divided iron or steel is put into nitric acid 
of 1*2 specific gravity, and free from chlorine, contained in 
a test-tube of about 4 inches in length and 0*4 inch diameter. 
The test-tube is immersed in water, and kept at a tem- 
perature of 80° C. If the temperature exceeds this, the 

» Metallurgy^ Iron and Steel \ By John Percy, M.D., F.R.S. : Lon- 
don, 1864. 
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colour of the solution decreases and shows too small an 
amount of carbon. By a lower temperature, the dissolving 
proceeds too slowly, and the colour of the liquid may be 
too strong. 

When the evolution of carbonic acid gas ceases, which 
for steel usually requires two or three hours, the test-tube 
is removed and left to cool. The solution is then carefully 
decanted off from any black particles which may have 
been deposited during cooling, into a graduated tube. A 
few drops of nitric acid are added, and heat applied. If 
no evolution of gas occurs, the black particles consist of 
graphite or slag ; if otherwise, the test-tube is cooled and 
the solution is added to that before obtained, and the whole 
diluted with water until the colour corresponds to that of 
the normal solution. 

If T cubic centimetre of the normal solution corre- 
spond to o-i% of carbon, and the solution in the graduated 
tube measures 7 cubic centimetres, then the iron or steel 
operated upon contains 07% of carbon. 

As it is usually difficult to dissolve o*i grm. (= 1*543 gr.) 
of iron in less than 1*5 cubic centimetre of nitric acid, it is 
not possible with the before-mentioned normal solution to 
determine less than o'i5% of carbon. WTien the carbon 
exceeds 0-5%, the solution has a greenish tint, which causes 
some little difficulty in comparing it with the normal solu- 
tion ; in such a case, a poorer normal solution is made by 
adding 6 parts by measure of water to 3 parts of the com- 
mon normal solution. If the quantity of carbon is large, as 
in white pig-iron, only 0*05 grm. (=074 gr.) is to be 
employed. 

In several ironworks in Sweden where the Bessemer pro- 
cess is practised, this method for determining the carbon 
has already been adopted, and has afforded much facility 
and certainty in the assortment of the steel, which before 
it was necessary to test experimentally by forging and 
lardening. 
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We may add that the amount of combined carbon in 
steel ranges from about 0*25 to I'oo per cent. ; that which 
contains a large proportion being much more suitable for 
edge-tools than that in which the percentage is small. The 
former, however, requires both more careful heating and 
more labour in working. But although a knowledge of the 
proportion of combined carbon is of very great assistance 
in enabling us to form an opinion as to the quality of steel, 
it is by no means an infallible guide. The presence of very 
minute quantities of other substances — notably of sulphur 
and phosphorus, and in all probability of silicon also — ^is 
capable of exerting upon it great influence for evil ; and, on 
the other hand, it seems to be quite possible that other ele- 
mentary bodies may have equal efi*ects which are beneficial. 
At present the general aim of manufacturers is to produce a 
combination between the purest iron obtainable and a definite 
percentage of carbon. For doing this various * direct ' pro- 
cesses have of late years been devised (by Bessemer, Sie- 
mens, and others), which, although they are admirably 
adapted for producing steel suitable for many purposes, 
cannot compete, as far as cutting-tools are concerned, with 
those made by the old processes of cementation and cast- 
ing. The mechanical treatment which the finished steel 
undergoes is also in the highest degree important ; and a 
very recent improvement of Sir Joseph Whitworth in this 
direction — that of compressing cast steel while in its fluid 
state — bids fair completely to revolutionise the final stages 
of its manufacture. 
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CHAPTER IV. 

ON THE FORMATION OF STRAIGHT-EDGES AND 

SURFACE-PLATES. 

Besides the mea5uring instruments and the cutting tools 
already mentioned, various forms of apparatus are required 
to enable the worker in wood or in metal to test the accuracy 
of his operations. For this purpose the former has recourse 
to the straight-edge, square, bevel, &c. ; while the latter, in 
addition to these, uses templates of various kinds, and — 
above all — the planometer or surface-plate. The importance 
of this last instrument is so great that we shall devote much 
of this chapter to the consideration of it ; especially as the 
successive steps in its production will afford a good illustra- 
tion of the modes of using several of the wood and metal 
tools previously noticed. 

In the year 1840 Sir J. Whitworth called the attention of 
the scientific world to the complete inefficiency of the pro- 
cess of grinding, by which alone it had up to that time been 
attempted to produce truly plane surfaces in metal ; at the 
same time exhibiting some plates, the accuracy of whose 
surfaces very far exceeded the limits previously attainable. 
They were in fact the first which.were worthy of being called 
true planes, and the circumstance of having discovered and 
successfully carried out the means of producing them, would 
alone be amply sufficient to immortalise a name which has 
already so frequently appeared in these pages. 

It is proposed to give in some detail the complete course 
which must be followed if it be required to ' originate * a 
surface-plate — ^that is to say, to produce one without the 
assistance of an existing surface-plate. Its successful ac- 
complishment is perhaps the highest triumph of mechanical 
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manipulation, to which the reader must not expect to find 
any royal road. We can do no more than -give him a few 
directions in the difficult path by which he may arrive at 
success, if he be possessed of a moderate-amount of skill, 
coupled with indomitable perseverance. To give some idea 
of the agreement which exists between two perfect surfaces, 
it may be mentioned that if the perfectly clean and dry 
faces of a pair of Sir J. Whitworth's surface-plates be placed 
one upon the other, the upper one will appear to float upon 
a thin stratum of air which for some time supports it with- 
out its being anywhere in contact with the lower plate. 
Conversely, if this stratum of air be expelled by pressing and 
sliding the plates together — on lifting the upper one the 
lower one will also be lifted, and may thus be supported for 
some seconds. The cause of this in each case is that the 
weight of the plate — although by no means inconsiderable 
— is insufficient to overcome the resistance which the air 
encoimters in passing through the minute and uniform space 
which separates the surfaces. 

Before commencing upon the cast iron or other plates 
whose surfaces it is intended to convert into true planes, two 
preliminary steps must be taken; in the first place two 
wooden straight-edges must be prepared ; secondly, with the 
assistance of one of these, a set of three steel straight-edges 
must be worked up. When these have been made to agree 
perfectly with one another the surface-plates may be com- 
menced ; the principle of obtaining exact agreement between 
a set of three of these being always adhered to. In general, 
of course, the possession of an existing surface-plate, or at 
least of a fairly reliable straight-edge will obviate the 
necessity for performing some of these operations ; but we 
prefer to give them in their entirety, noting afterwards those 
which the ordinary appliances of the workshop would enable 
us to dispense with. 

First then as to the wooden straight-edges ; the preparation 
of which will require some skill in the use of the joiner's 
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planes described in Chapter II. Two pieces of hard stnught- 
grained mahogany not less than three feet long and a quarter 




of an inch thick having been selected, and both sides of 
each having been roughly planed over with a jack-plane, 
the first care must be to see that they are not ' in winding ' 
— as ajoiner expresses it when 
two of the opposite comers 
of a piece of wood stand 
higher than the other two. 
This is most easily detected 
by placing two short pieces of 
wood with parallel edges, called 
winding-sticks, in the position 
shown in Fig. 83. On bringing 
the eye nearly into the line 
of their upper edges, bo as al- 
most to make the nearer con- 
ceal the more distant one, this 
error, if it exists, at once be- 
comes visible. After each 
side has in turn been corrected, 
one of them should be worked 
up with a finely-set trying- 
plane until a continuous shaving can be cut from the full 
length of the piece. If the plane be in good order, and 
the caution previously given as to planing ' hollow ' rather 
than ' round ' be not neglected, this side will be found to be 
sufficiently flat. 

From this flat surface the desired thickness must be set 
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oflf at each end with a marking gauge (Fig. 84) ; the scratch 
which it leaves indicating the amount to be planed oflf the 
opposite side. This done, the edges may be commenced ; 
the process being similar to that by which the sides were 
made true, but requiring to be conducted with increased 
care. 

The square (Fig. 85) will now be necessary to ensure 
the edges being kept perfectly perpendicular to the surface 
first obtained — ^which surface should be marked, and always 
be worked to. One edge of each piece having been then 
planed as true as possible, their agreement with one an- 
other must be tested; first by observing whether their 
contact is continuous when they are placed edge to edge 
and held up towards the light, secondly by clamping them 
side by side with their true edges upwards and trying with 
the fingers whether one edge stands to any sensible extent 
above the other at either end or at any intermediate point. 
(A still better system is to make three straight-edges, each of 
which must agree with any other, as described below ; but 
the material not being susceptible of any very great degree 
of accuracy, it is hardly necessary.) The best result only 
being obtained when the final cut 
has been taken from the whole length 
of the straight-edge, no after-treat- 
ment of any kind should be required. 
But in default of his having the re- 
quisite skill, the beginner can with 
advantage make use of the cabinet- 
maker's scraper, or — which is much 
better — 3. flat piece of cork covered 
with fine glass-paper. 

Applying the square to the true f,^. 86.-suding Bevel (j). 
edge the exact length is now marked 
oflf, and the ends cut and planed or * shot ' from the finished 
towards the unfinished edge. Finally this second edge is 
marked out with the gauge, planed up, and chamfered if 
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required ; the uniformity of the chamfer being checked by 
applying to it a sliding bevel ^Fig. 86) which has been pre- 
viously set to the proper angle. 

In this last operation, and also in planing the ends or 
edges of thin pieces of wood generally, much assistance 

may be derived from the use of shooting- 
boards. Fig. 87 shows sections of such 
boards, one of them being intended for 
planing pieces with square, the other 
with chamfered or bevelled edges. The 
trying plane is laid on its side and 
worked backwards and forwards with 
one hand, the work being brought up to 
it with the other. 

The second step — ^viz., the prepara- 
tion of three very accurate steel straight- 

Fig. 87.— Shooting- Boards. •' j j -^i. 

edges^ can now be proceeded with. 
And although we shall confine ourselves to steel, as being 
the best material for our present purpose (and for straight- 
edges generally, provided that their length does not exceed 
about four feet), a somewhat similar course will apply to the 
working up of longer ones, which would be made of cast 
iron. The thickness of those which are of steel is usually 
from ^^ to \ of an inch. 

Three similar strips of steel of the desired size having 
been procured, and their sides filed or smoothed upon a 
grindstone, holes should be drilled in similar positions near 
the two ends of each of them. When the strips are laid 
one upon another, two tightly fitting pins can then be passed 
through these holes ; in which condition the three will re- 
semble a single thick bar. They can be fixed in a vice, 
and — as far as all the earher stages are concerned — may 
be operated upon simultaneously. 

The ordinary vice has appeared in a former engraving (Fig. 
66). The teeth with which its jaws are filled can in cases 
like the present be prevented from marking the work held 
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between them, by interposing clamps^ formed out of pieces of 
sheet lead or zinc In filing up the steel straight-edges great 
assistance will be derived from one of the wooden ones pre- 
viously made, which should be rubbed with a piece of red 
chalk, and frequently applied to them ; any prominent parts 
being thus rendered visible. The large rough files used in the 
earlier stages must be successively replaced by smaller 
and smoother ones as the work progresses. When it 
becomes no longer possible to detect any inequalities on 
applying the wooden straight-edge, the pins connecting the 
three pieces must be removed, and all further operations 
conducted upon each of them separately. But before this 
point has been reached, one edge of each should be bevelled, 
if required, as tlie straightness is liable to be impaired by 
the process. 

A systematic course of comparison of one with another 
must now be commenced, and be persevered in till each 
edge agrees perfectly in any position with the other two. 
The necessity for operating upon three (the method above 
given for wooden straight-edges being insufficiently accu- 
rate for steel ones), is evident if we consider that two 
may agree perfectly together, although one may be convex 
or * round,' and the other concave or ' hollow.' When their 
ends are reversed they will also agree, if the curvature be 
uniform. But if there are three (which we will call a, b and 
c), then if a be hollow, b and c when made to agree with it 
will both be roimd, so that they cannot agree together. 
They will in fact make the error appear to be twice as great 
as it really is, and in order to correct it, an equal amount 
must be removed from each, until perfect agreement is 
obtained between them. Then, on correcting a till it agrees 
with B, the correspondence or the want of correspondence 
between a and c will prove their mutual truth or 'error. By 
persevering and systematic repetition of these comparisons^ 
good results will at length be obtained. And in addition 
to placing the two which are under comparison with their 
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edges together, and observing whether any light can pass 
between them, it will be found advantageous to lay them 
side by side on a flat table or bench and to rub their cleaned 
edges somewhat forcibly together. Any prominent parts 
will then receive a slight burnishing, which will show where 
the file must be applied. 

When one edge of each piece has thus been rendered 
straight, the opposite one may be similarly treated \ their 
approximate parallelism being obtained, when necessary, by 
the frequent use of callipers during the operation. Of these 
instruments one example has already been given, and others 
will be found in a subsequent chapter (see Fig. no). A 
simple and very efficient substitute for them may be made 
by filing a parallel-sided notch, of the exact width required, 
in a piece of sheet metal. This forms a temporary gauge of 
no mean accuracy when carefiilly used; a second notch 
of slightly greater width, to show when the desired limit has 
nearly been reached, being a useful addition to it 

Having now at least one thoroughly reliable steel straight- 
edge, we are in a position to commence the surfaceplates 
themselves. Three hard cast-iron plates are required, and 
whatever their size may be — for this will of course vary ac- 
cording to the purpose for which they are intended — they 
must have no tendency to bend or become distorted during 
their preparation, or in after use. To fulfil these conditions 
it is necessary to support their under sides by deep main 
and cross ribs. If, however, the main ribs were to follow 
the rectangular outline of the plate, there should be a support 
at each of the four comers, and any inequality of the bench 
or other surface on which it was placed would make these 
bear unequally, and would be liable to distort the plate. 
Sir J. Whitworth therefore devised the plan, now universally 
adopted, of reducing the number of supporting points to 
three, and arranging the main ribs between them in the 
somewhat triangular form shown in Fig. 88. Upon the 
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three supporting points the roughed-out castings should rest 
for two or three weeks before the finishing processes are 
commenced, in order to allow the plates to settle in the 
form which they will naturally assume. 

Supposing a planing machine not to be accessible, the 
upper surface of each casting must be prepared with a chip- 
ping chisel and hand file, during which operations the 
chalked wooden straight- 
edge will render much assist- 
ance in pointing out the more 
prominent portions, just as it 
did in the preparation of the 
steel straight-edges. It must 

of course be applied to all ^'°' 88.-Surface-Plate. 

parts of the surfaces, diagonally as well as' parallel to the 
edges. Or a rectangular piece of hard wood planed as true 
as possible, may be substituted for it with some advantage. 
But either of them must soon be rejected in favour of the 
much more accurate steel straight-edge, which can either be 
held so as to show any depressions by the passage of a 
streak of light between its edge and the surface, or be made 
to redden the projecting parts by smearing it with a mixture 
of red ochre and oil. Moreover, inasmuch as files of con- 
siderable length only can be used, which cannot be made to 
remove small portions from particular spots, as can be done 
in the case of a narrow straight-edge, to which very light 
and smooth files can be applied, it soon becomes necessary 
to substitute a scraper. With this tool very small quantities 
of metal can be taken oflf at any required point, so that a 
tolerably flat surface will soon be obtained. Fig. 89 shows 
the method of using this invaluable instrument. 

One of the castings only should be worked up to the 
highest state of perfection obtainable with the steel straight- 
edge and scraper, the care bestowed upon it being repaid 
with interest during the subsequent processes. This plate we 
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will call A, the others respectively b and C. The face of a 
is now thinly coated with ochre and oil, b and C heing suc- 
cessively made counterparts of it by repeatedly placing them 
face downwards on a, and then lowering with the scraper 
all the reddened points on which they bear. This must be 
continued till the contact between a and b and a and c is 
as perfect as possible, which will be known by the bearing 
points— at first perhaps only two or three in number, and of 




Fig. 89'.— Mtihod of holding St 



small size— having extended themselves so that the entire 
surface becomes reddened. 

A series of comparisons exactly similar to that described 
in the case of the steel straight-edges, must now be carried 
out : — B and C being compared together, and corrected by 
removing an equal quantity firom each ; a being then made a 
counterpart of b, and a and c compared with one another. 
If B and c have been perfectly equally reduced (and to 
effect this the greatest care will be well bestowed) their 
errors, which are equal in amount and similar in kind, will 
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have been entirely got rid of, and a will be found to agree 
with c, thus proving all three of them to be true planes. But 
it is not likely that this result will be obtained till the above 
routine has been many times repeated, in doing which the 
same order should always be adhered to. As the process 
approaches completion increased watchfulness will be neces- 
sary, so as to guard against the introduction of fresh errors ; 
the penalty for scraping off the slightest excess from any one 
part being the performance of the difficult task of lowering 
the entire surface to exactly the same extent. 

When all possible care has been taken, it must not be 
expected that the surfaces produced will be absolutely true 
— mathematical accuracy probably could not be maintained 
even if it were possible in the first instance — but the approxi- 
marion to it will be sufficiently close for every practical 
requirement. The abandonment of the old process of al- 
ternately grinding together with emery-powder and water the 
faces of a set of surface-plates, has been accompanied not 
only by the most marked improvement in their accuracy, but 
also by a diminution in the time expended upon their pro- 
duction. 

Soon after he had thus successfully produced his sur- 
face-plates. Sir J. Whitworth entirely abolished in his own 
workshops the practice of grinding metallic surfaces together, 
and although his workmen were considerably prejudiced in 
favour of it, a very short experience taught them that scraping 
was by far the quicker and more efficient process. Two 
considerations point to the wisdom of this step : — first, that 
any abrasive powder so used cannot but be irregular and 
uncontrollable in its action, owing to the tendency of the 
powder to dispose itself unequally over die surface, and also 
to the fact that in grinding, as generally practised, some 
parts are exposed to the friction for a much longer time than 
others ; secondly, that any slides or moving parts of ma- 
chinery so treated, unless when finished they can be entirely 

K 
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freed from the powder (which is almost an impossibility), 
become the instruments of their own destruction. 

Three surface-plates having been successfully * originated ■ 
in this manner, two of them should be kept with scrupulous 
care for the correction or production of copies of sufficient 
accuracy for ordinary workshop purposes. Once in posses- 
sion of a reliable standard, the process of copying it involves 
a comparatively small tax upon the patience and skill of the 
operator. Not only is he no longer dependent upon an 
accurate straight-edge — he may, if he can avail himself of a 
planing-machine, dispense with the whole of the roughing- 
out process above detailed With these invaluable machine$ 
— ^which are described in the sequel — the surface of the 
rough casting can be brought to such a comparatively finished 
state, that it may be at once compared with the standard 
surface-plate. This, being kept thinly and uniformly red- 
dened, will show the prominent parts, to which the applica- 
tion of the smooth file, and subsequently of the scraper, 
must be confined, as already mentioned 

Long straight-edges, which — as stated above — are gene- 
rally made of cast iron, require to be so constructed as 
not to be liable to flexure from their own weight when in 




Fig. 9a— Six-feet Cast-iron Straight-Edge. 

different positions, nor from that of any articles which may 
be placed upon them for comparison. The strongly-ribbed 
form of those made by Sir J. Whitworth will be intelligible 
from Fig. 90, in which one of six feet in length is represented 
in elevation and plan. The width of its face is 2^ inches j 
cast iron straight-edges being always much wider than steel 
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ones in proportion to their length. Those which are 10 feet 
long have a width of as much as 3 inches, so that they resemble 
elongated surface-plates, and their preparation requires much 
greater time and care than is necessary in the case of those 
of small width with which we have been dealing. For with 
regard both to straight-edges and surface-plates, it will be 
readily understood that any given length or area is worked 
up with far greater facility when it does not form part of a 
much greater length or surface, than when it does. On this 
account surface-plates for ordinary work are less advanta- 
geously made of a square than of an oblong form — 2 : 3 being 
the most frequent proportion between the width and length. 
For special purposes, however, surface-plates of special 
shapes and sizes are often required, and for extending a 
plane of great area, a good sensitive level is used in con- 
junction with them. 

The use of a good surface-plate to the worker in metal is 
sufficiently obvious. It enables him, either by following the- 
whole process for obtaining a true counterpart of its surface,, 
to give almost perfect accuracy to the flat facets which occur 
on the exterior of his work, or by completing the early stages 
only, to render them perfectly free from twist and promi- 
nences, though not necessarily from depressions. A good 
fit may thus be ensured between the several portions of a 
machine which are to be attached to one another, with an 
amount of labour which bears but a very small proportion 
to that required for * facing' a slide-valve, or any other 
moving parts. When several surfaces of moderate size hav^ 
to be worked up on the same casting or forging, it is advisa- 
ble in the first place to rough out the whole of them with 
moderate accuracy, afterwards finishing them in the order 
of their size. The largest, from which the correct position 
of the other surfaces should almost always be determined, 
will thus be first completed. If there be a second surface 

parallel to it, this should next be marked out, either with 

K 2 
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a gauge of similar construction to the wooden marking- 
gauge shown in a previous figure, or with a surface-gauge 
{Fig. 91), used on the surface-plate. In a similar manner 
the truth of the edges — if they be at right angles to the 
face — can be tested conveniently by placing the work, 
face downwards, upon the surface-plate, and applying to it 
the exterior angle of a steel square, which for this purpose 
should have a wide back, so as to enable it to stand upon 
the surface-plate. 

But these methods of forming flat surfaces either parallel 
or at right angles to other existing surfaces are available only 
when no very high degree of accuracy is required. In cases 






Fig. 91. — Surface-Gauge (iX 



Fig. 93. 



for which they are insufficient it will be necessary to follow 
them up with treatment of a very different kind. 

We will suppose, for instance, that three bars of rectangular 
section are to have their sides and ends worked up sufficiently 
truly plane and parallel to enable them to be used as stan- 
dard measuring bars ; and less than three cannot be success- 
fully treated With the assistance of one of a pair of surface- 
plates — of which the size must be sufficient to admit of the 
three bars being placed upon it simultaneously — one side of 
each bar is made as truly plane as possible, and upon these 
finished sides the three are then laid in the position shown 
in Fig. 92. The opposite sides, which will of course have 
been made nearly flat and parallel in the preliminary work- 
ing up to which all parts of the bars have been subjected, 
are then tested by applying to them the other surface-plate, 
^eddened ; their prominent parts which receive the colour 
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being successively lowered in the ordinary way, till the whole 
of the surfaces are proved, by being uniformly coloured, to be 
in one and the same plane. If this plane be perfectly parallel 
to the surface upon which the bars are resting, they will be 
equally and uniformly coloured on applying the upper surface- 
plate, after turning the central bar (B) end for end (as shown in 
the figure), or after changing the places of A and B, or B and 
C. But if each bar either has one of its edges or one of its ends 
higher than the opposite one, the reddened plate will no longer 
take its bearing upon the entire surfaces ; and the treatment 
must be continued — scraping away the coloured portions, 
then changing their positions fi"om side to side, and reversing 
them end for end — until the entire surface is reddened, in 
whatever position the bars may be placed. This, as might 
be expected, is often a work of very great labour, especially 
when, after making them parallel, one of these sides has to 
be uniformly lowered in each bar in order to make the 
thickness correct. This thickness can only be satisfactorily 
tested with the aid of a measuring machine. 

The next step will be to make one of the remaining sides 
of each bar perfectly perpendicular to the two sides which 
have just been rendered parallel, and the method of doing 
this will be intelligible from 
Fig- 93" One side (we will 
say of the bar A) is first 
brought to a true plane in p^^ 

the ordinary way. A second 

bar (B) is then similarly treated, its exact correspondence 
with the first being ensured by frequently comparing them 
together in the manner shown in first portion of the figure, 
the side of A being reddened to show the extent to which the 
two are in contact. When their agreement is perfect, one of 
the bars must be reversed ; the effect of which will be, if 
their former plane of contact was perpendicular to the hori- 
zontal surfaces, to leave their agreement as perfect as before, 
but if not, to make the error appear to be twice as great as it 
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really is, as is represented (greatly exaggerated) in the second 
half of the diagram (Fig. 93). Equal amounts must then be 
removed from the prominent portions of these sides until 
their contact is found to be perfect in either position. One 
side of the third bar can be made correct by testing it with 
either of the other two, after which the fourth side of each 
must be made parallel to that which is opposite to it, and 
the thickness corrected as before. 

We have thus worked up the whole of the sides to the 
condition of plane surfaces truly at right angles to one 
another, the bars being now " die-square," as it is termed, 
throughout their length. It only remains to reduce to the 




Fig. 94. 

same conditions the end surfaces — ^which in the bars under 
consideration are turned down from a square to a circular 
form. For this purpose there will be required, in the first 
place, a small surface-plate, called a * trial plane,* and 
secondly, a cast-iron bed, having on its upper surface a V- 
groove, of which the sides are truly plane, and at right 
angles to each other. The ends of the bed must also be 
made approximately perpendicular to the direction of the 
groove. One of the bars being laid in this groove — ^and 
throughout this part of the process each is treated quite 
independently of the other two — the trial plane is applied 
to the end of the bed in the manner shown in Fig. 94. If 
it is found that whilst the reddened trial plane is held 
firmly in this position, a portion only of the end surface of the 
^ar is coloured by it, scraping must be had recourse to and 
' continued till coloration of the entire surface proves it to 
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be in one and the same plane with the extremity of the bed. 
On now laying the bar upon those which before were its upper 
sides, perfect coincidence with the end plane of the bed will 
obtain only if this plane be truly perpendicular to the axis 
of the bar. Any departure from this direction will be ren- 
dered evident by a portion of the surface only being 
coloured, owing to the imperfect contact which the right 
hand portion of the above figure so plainly shows. This 
must be corrected by scraping the ends of both the bar and 
the bed. 

When the sides or edges of a piece of work are inclined 
instead of being perpendicular to a previously formed sur- 
face, the correctness of the inclination can be tested approxi- 
mately by means of a bevelled square, set either permanently 
or temporarily to the proper angle, and used either with or 
without a surface-plate. But a more usual method is to pre- 
pare a template^ by cutting out a piece of stout sheet metal 
to the converse of the required form. Templates are also 
much used in working up curved or irregularly shaped sur- 
faces. When many of these have to be worked to the same 
curve or angle, a pair of templates, called respectively a male 
and female template, is generally made in the first instance. 
Each of these is the counterpart of the other, their perfect 
agreement being tested by holding them up against the light 
— none of which should pass between their edges. Any 
deterioration in the form of the one which is applied to the 
work can then be at once detected by comparing it with 
the other. But in the treatment of the flat portions of any 
piece of work, whatever may be their positions with regard 
to each other, templates alone should not be relied upon. 
The relative positions of the surfaces having been estab- 
lished by means of these plates, their flatness should always, 
if possible, be checked by appl)dng them to a surface- 
plate. 

When the work itself is not readily moveable, owing to its 
weight or other causes, the surface-plate can be lifted by 
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its handles, and applied to it with almost equally good 
effect. 

Besides the perseverance, which, as we have said, is a first 
essential to anyone who would put in practice the instructions 
above given, his success will to a great extent be measured 
by the amount of skill in the use of a file to which he has 
attained. A few hints on the subject may, therefore, be 
acceptable, although the art is one which can be thoroughly 
acquired by practice only. 

Files, inasmuch as they differ from cutting tools generally, 
in being incapable of being sharpened, demand greater eco- 
nomy in their use. On this account, a new file should 
always, if possible, be first used upon brass or cast iron, for 
with these metals a blunt file is comparatively useless ; after- 
wards upon wrought-iron or steel, which do not require 
similar sharpness. On the same grounds it will be found 
advantageous in all cases to use as rough a file as circum- 
stances will permit. 

The destructive effect of the * skin* of cast iron upon the 
teeth of a file has already been mentioned. In the rare 
cases in which it is necessary to attack it with a file, one 
which is too blunt for other work should be employed, but 
it seldom happens that the surface cannot be prepared to 
some extent, either by planing, chipy)ing, pickling, or 
grinding upon the grindstone. The last of these processes 
is much to be recommended on economical grounds — ^not 
only for castings from which much of the material cannot 
be spared, but also for taking off the * scale ' produced by 
the superficial oxidation of wrought-iron when being forged, 
which is also to some extent injurious to a file. Brass cast- 
ings, although they are not hardened by the chilling effect of 
a sand mould like those of cast iron, must also have the sand 
which adheres to them removed by pickling or by cleaning 
them with an old file before a sharp one can be used 
upon them with impunity. Lastly, the operator should 
remember that a file will not long continue keen if he allows 
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it to come into contact with the jaws of the vice in which 
his work is so frequently supported 

The chief cause of the greater difficulty in handling which 
the file presents to a beginner as compared with the gene- 
rahty of cutting tools hes in the small amount of guiding 
power which it possesses in proportion to the accuracy of 
the work demanded of it Smce its whole surface consists 
of a senes of cutting edges or points it is evident that 
those which are m action at any one time will perform equal 
shares of the work only when a perfectly equal feeding' 
pressure is applied to each of them. In the due propor- 
tionmg of this pressure lies the whole secret of success 

Let us consider how this must be effected when it is re- 
quired to file upon a piece of metal of small width a face 
perfectly flat and parallel to its existing face Its section 
and that of the file teeth in contact with it — ^both much 
enlarged — are represented m Fig 95 In order that 
the successiie cuts may be straight and parallel, it 
is necessary that the pres 
sures A and B be constantly 
equal, an equal quantity 
of the matenal being then 
and then only removed by ^ _^ _/, ^ r f _r, 
each tooth But — assuming — '^ 

the handle of the file to be I 

held in the nght hand and its - - ^^| 

point in the left— during each fic. 55- 

stroke the leverage at which 

the pressure applied by each hand is acting, is constantly I'aiy- 
ing; the right hand having largely the advantage at the com- 
mencement, and the left at the end of the stroke. So the 
effect of the natural tendency to equaHse as much as pos- 
sible the pressures applied by the two hands, is, at first to force 
into the work the teeth on the side B, almost neglecting those 
at A, gradually to diminish this inequality on approaching 
the centre of the stroke, and again to increase it in the 
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opposite direction, after the central point has been passed 
Consequently, as is shown in an exaggerated manner in 

,,^-, Fig. 96, the side B at the 

commencement, and the 
side A at the end of each 
stroke, will be filed away 
to too great an extent — ^a 

Fig. 96. r 1 • 1 

convex surface being thus 
produced instead of a flat one. Until he has completely 
overcome this tendency, which practice alone will enable 
him to do, the.beginner should not rest satisfied with his per- 
formance. By carefully feeling for the position at which 
the file bears evenly upon the whole surface which it covers, 
and checking its disposition to tilt upon either edge at any 
part of the stroke, he will gradually acquire the habit of 
moving his hands in the nearly horizontal line required, and 
so varying the pressure applied with each that it shall be 
constantly uniform on all parts of the work. 

The case of filing a narrow facet, such as we have been 
considering, although it affords a good .illustration of the 
difficulty of handling a file, is not to be recommended for 
practice till considerable success has been achieved with 
rather wider surfaces. For this purpose the best width is 
from about one inch to four inches, according to the size 
of the file and the capability of the operator. But whatever 
ks size, the work should always, if possible, be so fixed that 
the surface which is to be filed shall be horizontal. 

Wide surfaces^-those of surface-plates, for instance— v 
present other and at least equal difficulties. It then becomes 
necessary, as we have seen, to localise the action of the file, 
which of course would be impracticable in filing a flat surface 
with a flat file. Advantage is therefore taken of the convexity 
which to a greater or less degree is given to almost all files — 
pardy to enable them to be used in ^this manner on large 
surfaces, but more especially on account of the great dif- 
ficulty which exists in maintaining the exact form of the 
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* blank * during the processes of cutting and tempering. (The 
necessity for guarding against thus making either side con- 
cave, is obvious ; inasmuch as it could then never be used 
upon any flat surface.) To apply the pressure to a file of 
but slight convexity in such a manner that it shall be in 
contact with the work only in the part intended, will be 
ibund to require no inconsiderable skill, owing to the very 
small amoimt of guiding power which it possesses. Short 
strokes, with the application of local pressure by placing 
the fingers of the left hand on the back of the file just over 
the spot to be lowered, are often advantageous ; but in order 
to become a master of the art, the reader must submit to 
the tutorship of experience, for which verbal instructions 
are an utterly inadequate substitute. In whatever manner 
the file is held, it should be almost relieved from pressure 
during the backward stroke, in order that the teeth may not 
be blimted or broken by forcible, contact with the work 
whilst they are placed unfavourably for offering resistance to 
it. 

With regard to the height at which it is best to fix a piece 
of work which is to be filed up, that of the elbow of the 
operator will form an approximate guide ; heavy work being 
somewhat lower with advantage, so that more of the weight 
of the body may be brought to bear upon it, and small work 
being more convenient when rather higher. In the latter 
case the height is generally regulated by that of the tail- or 
bench-vice, into which a block of wood for supporting any 
work of irregular form can be so easily fixed. Thus, when 
it is required to reduce with the file the diameter of a wire 
or other small cylinder ; a piece of wood being fixed in the 
vice, a notch is filed in it, and the wire, supported in this, is 
turned with the left hand through about a third of a circle 
during each stroke. When the file, as in this case, is held 
in the right hand only, the requisite pressure is fi-equently 
given by extending the forefinger along the back of it — as 
in holding a carving knife. But into the consideration of 
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the treatment of curved surfaces, either convex or concave, 
we will not here enter, for they will present no insuperable 
obstacles to anyone who has become sufficiently adept to 
produce a true flat surface. 

There is no fixed position in which to stand while filing 
up a piece of work ; that can only be determined by the 
character of the material and the surface to be filed. Thin, 
acnd also very small, surfaces are liable to rip the teeth of 
the file ; when convenient to the manipulator, a thin edge 
may be prevented from injuring the teeth in some measure, 
by taking up such a position that the file may lie directly 
along the work rather than directly across it 

In bringing any piece of work to a finished surface by 
using files of successive degrees of fineness, care should be 
taken entirely to remove the teeth-marks of the preceding 
file before passing on to a smoother one. The practice of 
drawing the file sideways along the work, which to some 
extent prevents its leaving the marks of its teeth, is not to 
be recommended ; nor is that of giving it a rubbing motion, 
by which the surface becomes covered with curled scratches, 
instead of the parallel lines which result from a series of 
' straight cuts given with the entire length of the file. When 
great smoothness is required a little oil may be used with a 
smooth file, which will diminish its tendency to become 
pinny y from the fibres (in the case of wrought iron, &c.) 
being torn up and clogging its teeth. As good work cannot 
be produced with a file in this condition, a vratJUe-brush 
should be constantly at hand for clearing it when necessary, 
any very persistent particles being removed with the scriber, 
or some other metal point 
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CHAPTER V. 

ON FOOT-LATHES. 

In most of the processes which we have hitherto been con- 
sidering, the work is kept stationary, and the necessary 
motion is imparted to the tool. In the various forms of 
lathe — to which we must now pass on — this operation is 
almost always reversed, the work being made to rotate, 
whilst the tool is moved to a comparatively trifling extent. 
The great facility with which moderate truth of figure can 
in this way be given to cylindrical work, and the endless 
variety of forms which result from combining the motion of 
the work with that of the tool, have made the lathe one of 
the most widely applicable, as it was one of the earliest 
of all machine-tools. Not only can the hand-turner, in his 
comparatively simple form of the instrument, produce with 
some half-dozen chisels, gouges, &c, any number of in- 
tricate mouldings, for each of which the joiner would require 
a separate moulding-plane, but, by giving a perfectly uniform 
motion to his tool, he is able to cut spirals or screw-threads 
of any required depth or delicacy. For this latter purpose 
alone the lathe is quite indispensable to the Millwright or 
the Engineer, since by means of it— when at least it is 
provided with the automatic arrangement, which will here- 
after be described — ^he is enabled to produce screws of any 
required diameter, or of very great length, with an amount 
of speed and accuracy quite unattainable by the methods 
previously mentioned. 

In its original form the lathe was doubtless a very simple 
affair, probably differing but little from the old poie-lathe, 
which may still now and then be met with in a village 
carpenter's shop. Fig. 97 shows the principle of its con- 
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struction, and renders intelligible how, without any metal- 
work whatever with the exception of the two dead centre 
screws and a tooi-rest (tiie latter omitted in the Fig.), it is 
possible to construct a, lathe which would at least render 
much assistance in the manu&cture of a bedpost. It is 




obvious that this machine is not adapted either for accurate 
or speedy work, the backward and forward motion obliging 
the turner to waste one-half of his time whilst the spring 
lath (whence the name laike) is raising the treadle, and 
thereby producing a revolution in the wrong direction. 

The introduction of a crank and flywheel, by which the 
reciprocating motion of the foot is converted into one of 
continuous rotation, and the replacement of one of the dead 
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centres by a headstock capable of supportmg a mandril 
with a pulley upon it, were most important improvements, 
which are believed not to be of very ancient date. But, 
with the exception of the crank and the mandril, the change 
did not necessitate the use of much ironwork, inasmuch as 
the bed, flywheel, pulley, and headstocks could still be made 




Fic. gS.— Foot-Latlw. 



almost entirely of wood. Lathes of this kind may even now 
be found in use among soft-wood turners, who, for small 
work, require a light flywheel, which can be quickly brought 
up to a high speed, and as quickly stopped. For many 
years, however, timber has been giving place to metal in the 
construction of foot-lathes, and it is now rarely employed 
even for the beds or framing of those which are intended 
for accurate turning. For the numerous poweiful instru- 
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ments which the Engineer includes under this head, it is of 
course wholly unadapted. 

Fig. 98 represents an ordinary mechanic's Foot-Lathe^ 
the bed (a), the standards (b), the headstock (1), flywheel 
(i), &c, being of cast-iron ; the crank-shaft (h), the chain (f ), 
the framing of the treadle (e), &c, of wrought-iron \ the 
mandril of steel, and its bearings of gun-metaL The only 
parts of it which are of wood are the backboard (m), and 
the front of the treadle (e). The conical form of the fly- 
wheel and pulley enable their relative speeds to be varied ; 
so that this lathe can be used either for wood or brass, 
either of which require considerable speed and but little 
power ; or for iron or steel, for which these conditions must 
be reversed. 

In the case of soft materials, the size of the work is 
limited as to length by that of the available part of the 
lathe-bed, and as to diameter by the height of the centre of 
the mandril above it. As tiie diameter of the work cannot 
be more than twice this height, it is necessary to know it, 
and also the length of the bed, in order to judge of the 
capabilities of a lathe. That in the figure would be 
described as a * 5-inch lathe, 3 feet 6 inches bed.' 

For the use of amateurs, lathes are made in considerable 
variety. It is generally required of them that they shall be 
light in appearance, well adapted for either soft or hard 
wood, and also for light work in metal. For the first of 
these purposes it is essential that a lathe should run fi-eely 
at a high speed, a condition not often fulfilled by those of 
the class shown in the preceding figure. Considerable gain 
in this respect results fi-om the abandonment of the parallel 
bearings of the mandril there depicted, in favour of that 
shown in the section qff the Fast Headstock^ which occupies 
the left-hand portion of Fig. 99. At its hinder end this 
mandril has a steel centre-point, which is supported in the 
slightly hollowed extremity of a screw, also tipped with 
steel. A fine leading-hole drilled truly in the centre runs for 
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some little distance into the body of the screw, the tendency 
of the point to follow this when any wear takes place being 
of great assistance in maintaining the truth of the centreing 
of the mandril. The other — the front — bearing, is parallel 
only for about five-sixths of its length, the remainder con- 
sisting of a conical shoulder, which — by means of the screw 
at the opposite end — ^is just kept lightly in contact with a 
steel * bush ' in the face of the headslock. The whole of the 
bearing portion is case-hardened, and should be so carefully 
fitted to the bush that, although capable of revolving with 
perfect fireedom, not the slightest tendency to * shake ' in a 




Fig. 99.— Section dl Headstocks (i). 

direction transverse to its axis can be detected. In good 
lathes of this kind, the conical pulley of the mandril is 
generally made of gun-metal ; and if intended for orna- 
mental Engine'tumingy its face is graduated with scales of 
equal parts, into the use of which we cannot enter at present 
The flywheel in these is oflen provided — in addition to 
the series of grooves round the periphery, which appear in 
Fig. 98 — with an inner ring, having upon it one or more 
grooves of very much smaller diameter. By passing the 
lathe-band roimd this ring and into the largest groove of 
the pulley, a very slow speed can be given to the mandril. 

Besides the fast headstock, the bed of a foot-lathe has to 
cany a Rest^ to enable the tool to be held steadily against 
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the work, and also a Back Poppd^ for holding a steel point 
or ' back centre.* In Fig. 98 these are marked respectively 
d and c, but the construction of the latter will be found to 
be much more intelligible from the section of a Poppet-head 
in Fig. 99, which, although adapted for a lathe of a superior 
class, does not differ from the other in principle. The chief 
use of the poppet is to afford support to any piece of work 
which would otherwise be unsteady, by giving it a bearing 
against the back-centre, which is made of steel, and, being 
pointed, does not interfere with its revolution. It is highly 
important that the centre should be always exactly in the 
line of the axis of the mandril, whilst at the same time the 
distance between it and the headstock mi^st admit of ready 
and rapid adjustment. The poppet is therefore made move- 
able along the bed, but its motion is confined to one straight 
line by one or other of the methods mentioned below \ a 
screw, working into the tapped hole which appears in the 
section, enabling it to be securely clamped after being 
brought up to the extremity of the work. The back-centre 
can then be adjusted, so as to bear with a greater or less 
pressure, by turning its hand-wheel, which works the sliding 
cylinder by which it is carried. An examination of the sec- 
tion will explain the reason of its movement. The spindle 
upon which the hand-wheel is keyed is screwed' for about 
half its length into the sliding cylinder, this being made 
hollow in order to receive ic. But a large shoulder, which 
is kept up to the back of the poppet-head by a cap, pre- 
vents the spindle from changing its own position ; and a 
pin, running in a groove upon its under side, resists any 
inclination on the part of the sliding cylinder to revolve 
with the spindle. When, therefore, the hand- wheel is turned, 
the cylinder is made to slide, towards the mandril when the 
upper part of the wheel is moved to the right, and away 
from it when to the left, the screw upon the spindle being 
made left-handed with this intention. The back-centre 
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having been thus satisfactorily adjusted, the sliding cylinder 
can be clamped by the set-screw above it. 

In drilling metal, &c., with a drill attached to the mandril, 
a circular plate, flat in front and having at its back a boss 
fitting into the end of the sliding cylinder, may often be 
very advantageously substituted for the steel point 

The Rest (d, Fig. 98), requires much greater freedom of 
motion than the preceding j but it must equally be capable 
of being firmly clamped in any required position. This is 
provided for by making a dovetailed groove in the base to 
which its socket is attached, a bolt, of which the heads fit 
loosely into this groove, being passed between the cheeks of 
the bed to the handle (k). By giving half a turn to this 
handle, so as to screw it a little farther up the bolt, the 
rest can be instantly made firm, although, as long as the 
bolt is left slack, it can be moved freely to any position, 
either parallel, transverse, or diagonal to the bed. Lastly, 
the height of the T (which forms the actual rest for the tool) 
can be varied by sliding it into or out of the socket, in the 
side of which is a set-screw, by which sufficient pressure can 
be applied to hold it firm. T-pieces of considerable length 
for long cylindrical work, and of great width upon the face, 
for supporting the turning tools used for wrought-iron, &c., 
are generally amongst the ordinary apparatus supphed with 
a foot-lathe. 

The Beds of turning lathes generally consist of two rigid 
beams, or * cheeks,' set perfectly parallel to one another at 
a few inches apart. These are in many instances of pre- 
cisely similar section, as in the lathe represented in Fig. 98, 
where the upper surface of each is broad and flat. In such 
cases the poppet is kept straight, at whatever part of the bed 
it may be placed, by a wide feather, which is cast on the 
under side of its base, and which exactly fits the space 
between the cheeks. This feather cannot be seen in Fig. 98, 
and it is in section, together with the rest of the headstocks, 
in Fig. 99 \ but in the latter its depth is shown by the 

L 2 
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dotted line, which indicates the level of the surface of the 
bed. The same end may be gained without the employment 
of a feather, by making the upper edge of one, or both, of 
the cheeks angular instead of flat, and forming a V-shaped 
groove (or two, if both the cheeks be angular) in the base 
of the poppet-head. Another method, which may often be 
seen in the small lathes used by watchmakers and others, 
consists in making a single bar of triangular section con- 
stitute the bed, the poppet-head being, as it were, placed 
astride upon its upper edge.' The rest-socket then requires to 
be upon a small sliding table, as indeed it generally is when 
there are two cheeks, unless their surfaces are of ample 
width. This form of bed, which is very effective in prevent- 
ing lateral motion on the part of the poppet, was devised by 
Mr. Maudsley, and was used by him for large lathes as well 
as small ones. For the former, however, it has now been 
entirely abandoned. 

Lathe-bands^ by which the power is transmitted from the 
flywheel to the mandril, are usually made of a single length 
of catgut. The ends are screwed into a pair of small steel 
sockets, one of which terminates in a hook and the other 
in an eye, so that they can be connected or separated at 
pleasure. When bands of different lengths are used on the 
same lathe, this method of connecting them is advantageous ; 
but when slight variation of speed only is required, as in 
the case of wood lathes, the following arrangement will be 
found to reduce the friction upon the mandril bearings, and 
by consequence to lighten the labour. The diagtam (Fig. 
100) will almost explain itself, the peculiarity of the system 
being the introduction of an overhead frame carrying a freely- 
revolving pulley. One end of this frame is hinged to the 
wall, the other being lifted by a cord with a weight attached 
to it. By increasing or diminishing the weight, any desired 
degree of tightness can be given to the lathe-band j but 
inasmuch as it takes a whole turn round the mandril pulley 
instead of less than half a turn, its tendency to slip is so 
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much diminished that it can be kept comparatively loose. 
Moreover, the tension remains constantly uniform, in spite 
of changes in the amount of moisture in the atmosphere, 
which alter the length of a gut band 
to a considerable extent. A single 
groove only on the margin of the fly- 
wheel is required on this system. 
The tools of the professional wood 




Fig. 100. 



Fig. 101— Tumine Chisel 
and Gouge (0. 



turner form a striking contrast, in point of number, to the 
phalanx which the maker of amateurs' lathes and his 
customers generally seem to agree in considering necessary. 
For soft wood, the former is satisfied with two or ihx^^ gouges 
and chisels of different sizes — the larger ones having handles 
of great length, as shown in Fig. loi — a parting-tool^ and. 
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for occasional use, a side-tool^ one form of which is given in 
Fig. 1 02. The rounded edge of the gouge, and the oblique 
doubly-bevelled edge of the chisel, should be noticed, as 
they differ, both in form and acuteness, from those of the 
joiners' tools, figured in Chapter II. For hard wood, the 
turner uses the same gouges, &c., merely grinding them at 
a more obtuse angle ; and he also has frequent recourse to 
scraping tools, of the same character as the side-tool as 
regards their edges, but of various sizes and shapes. One of 
the most useful of these is the round tool (Fig. 103), which 
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Fig. 102. — Parting-Tool and 
Side-Tool (I). 



Fig. 103. — Round 
Tool (J). 



almost takes the place of a gouge for roughing out brass and 
other hard but not stubborn materials. Various moulding- 
tools, of more or less complicated forms, are to be met with 
at tool-dealers', but rarely at turners', shops. The latter 
generally prefer to use as simple a tool as possible, in special 
cases altering its form to suit their purpose. A good grind- 
stone, ready for use at any moment, is therefore a first 
essential to the turner, as it is indeed to everyone whose 
work depends upon the efficient state of his cutting tools. 
With soft materials especially, no amount of skill or sand- 
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paper will remedy the evils which result from working with 
blunt or badly-sharpened tools ; and the first lesson which 
should be learnt by every would-be turner, is the art of 
using his grindstone and oilstone with speed and effect 
The edges of turning-tools which are intended for soft wood 
should be ground to an angle of from 20° to 30** ; those for 
hard wood, to from 40® to 80°; whilst those which are to be 
used for brass may even exceed this latter angle, having some- 
times a thickness of as much as 90°. In grinding turning 
gouges, of which the edges possess the double curvature which 
gives them the circular or elliptical outline seen in the above 
figure — and the sides may often be advantageously ground 
away even more than is there represented — the wrist motion 
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Fig. 105.— Inside Screw-TooL 



mentioned in connection with the grinding of carpenters' 
gouges is required, and, in addition to it, constant change 
in the height at which the tool is applied to the stone. In 
the round-nose and such tools, of which the edges are curved 
in this one direction only, a similar change of position upon 
the stone is also necessary ; but in their case it must not be 
accompanied by any revolution about the axis of the tool. 

Among the tools for hard wood and brass should be in- 
cluded the hand chasing- tools with which screws are cut, 
chiefly on these materials. Fig. 104 gives the side and back 
view of an outside screw-tool, and Fig. 105 the side and front 
view of an inside screw-tool, the latter being used for cutting 
female screws. In cutting a screw with either of these, a 
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perfectly uniform motion parallel to the axis of the work 
must be given to the tool, the speed being such as to make 
it advance one thread during each revolution of the mandril. 
As might be expected, the operation requires considerable 
practice, especially in cutting coarse threads, for which the 
motion of the tool is considerable — error in the speed im- 
parted to it resulting either in uneven or * drunken ' screws 
or in double threads. But a good workman can thus pro- 
duce with ease and certainty screws of the greatest cleanness 
and delicacy, and — the pressure required being very slight 
— they can be cut by this method on the thinnest and most 
fragile materials, which would be quite unable to resist the 
more violent treatment to which they would be subjected in 
the screw-cutting processes previously mentioned. This 
system is used to a very great extent by opticians for the 
brass fittings of telescopes, microscopes, &c., the thickness 
of the brass * triblet ' tubes employed frequently exceeding 
only to a very small extent the depth of the screw-thread 
which is cut upon them. 

For turning iron — more especially wrought 
iron — and steel, the preceding tools are not 
well adapted. For this purpose a slow motion 
must be given to the lathe, and the edge and 
inclination of the tool must be such as to 
give it a cutting rather than a scraping action. 
This end is tolerably well fulfilled by the 
Graver (Fig. io6), the cut being made with 
the edge rather than with the point; and 
it is still more effectually gained by some 
form of Heei'tooly such as that shown in Fig. 
107. In using these tools, the 'heel* is sup- 
ported by the wide and flat-topped T al- 
^pointed GravS tt?" ready alluded to ; and the pressure produced 

by the cut is thus transferred directly to 
the rest-holder and lathe-bed, causing littie or no strain 
upon the hands of the workman. But the necessity for 
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having the tool completely under control, and the small 
amount of motion to be given to it for determining the 
depth of its cut, obliges it to be securely fixed in some long 
and powerful handle. It is therefore used with a tool-holder, 
such as that which appears in the engraving, being laid in a 
groove on its upper surface, and there held by an eye-bolt 
which passes through the handle, and which can be tightened 
by a nut at the lower end of it The tool-holder is of 
sufficient length to pass under the shoulder of the operator, 
its upper portion being firmly grasped by his left hand, and 
the handle held in his right The tendency of heel-tools to 





Fig. X07. — Heel-Tool, with details of Cutting end. 

catch into the work can thus be resisted ; and when once 
this difficulty has been overcome, they will be found to be 
easily managed and very effective. Besides these, tools of 
a few other kinds may be used for hand-turning iron and 
similar stubborn materials ; but since the introduction of the 
slide-rest their occupation has so nearly gone, that our avail- 
able space will be more profitably reserved for the con- 
sideration of those used with this invaluable instrument 

The very varjang nature of the work which a turner is 
called upon to perform demands similar variety in the methods 
by which he connects it with the mandril, so that it may 
share its revolution. For this purpose he provides himself 
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with an assortment of chucks^ which, being fitted to the 
mandril by means of the coarse-threaded screw at its ex- 
tremity, can be readily attached or removed from it Com- 
mencing with those which generally accompany a wood- 
lathe, we shall find that the one which shows the smallest 
advance upon the old system of fixing between -two dead 
centres (as in Fig. 97), is the fork-chuck (Fig. 108). The 
fork being driven a small distance into one end of a 
piece of wood, the other end is supported by the back- 
centre. For work which requires to be turned on the out- 
side only, without being * hollowed ' at all, this method of 
fixing it has much to recommend it, especially when the 
length greatly exceeds the diameter. For rather. harder 






Fig. 108.— Fork-Chuck (JX Fig. 109.— Cup-Chucks (i). 

materials a smaller kind of fork is often used — the Cross 
Kerf — of which the prongs are arranged thus ( + ), enabling 
work of much smaller diameter to be turned up to the end 
without fear of their coming into contact with the edge of 
the tool. In either case the fork is fitted, either moveably or 
permanently, into its chuck, which may be either of wrought 
or cast iron, brass, or gun-metal. The latter material is 
generally used for this and also for the Cup-chucks (Fig. 109), 
which are supplied with the more expensive wood lathes ; 
"but it seems to possess no advantage, at least over malleable 
cast iron. 

Of all the chucks employed by the wood turner, cup- 
chucks are by far the most generally usefiil. From three to 
six of them, of different sizes, are usually supplied; and a 
/ew shillings spent in increasing the number will often prove 
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to have been well invested. With the details of the process 
of ' chucking ' we have not here to deal \ but the knack of 
speedily obtaining a thoroughly good fit between the wood 
and the chuck is one which it is most important for the 
turner to acquire. In doing this a handy workman will 
only in rare cases have recourse to his callipers, although 
in obtaining a fit between two portions of his work, or in 
working from a pattern of which a correct copy is required, 
they will be in constant requisition. Two pairs of turners' 
callipers are shown in Fig. no, cne of them having points 
at each end of the legs, of which the distance apart is con- 
stantiy equal, so that the agreement between an outside 
dimension measured with 
the one and an inside di- 
mension measured with the 
other can be easily verified. 
Once well fixed in a cui>- 
chuck, the work — except 
when its length exceeds 
about twice its diameter — 
requires no support fi-om 
the back centre, so that it 
can be drilled or hollowed 
out, or the rest can be fixed 
either at right angles or ob- 
liquely to the axis, and the *face* of the work be turned up 
in any manner that may be required. Besides metal cup- 
chucks, the turner frequently supplies himself with others 
made of hard wood, * tapped ' to fit the mandril screw. These 
he can turn away to fit any special or valuable piece of work ; 
but in general a more ready means of effecting this purpose is 
to turn up a small piece of hard wood which has already been 
fixed in a metal cup-chuck, inasmuch as it is then effectually 
prevented from splitting. Special cases, however, will fre- 
quently be found to occur, in some of which wooden chucks 
are preferable ; as, for instance, the * spring cup-chucks ' used 





Fig. iio.— Callipers (i). 
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for turning billiard and other balls. These consist of wooden 
cups slightiy too small in diameter, having longitudinal saw 
cuts made in them, so that they spring open when the ball 
is pressed into them. These and similar temporary chucks, 

in the preparation of which some care is 
required, and which are hkely to be of 
occasional future service, are within the 
true province of wood chucks. Another 
purpose for which they are much to be 
preferred is for work which can only be 
attached by being glued to the chuck, 
which is a frequent and very efficient way of fixing any 
pieces of wood, of either large or small diameter, which are 
to be turned *plankways* of the grain. Where a hole in 




Fig. zzx. 
Screw-Chuck ^). 




Fig. ZZ3. — Centreing Square. 

the centre of the back is immaterial, the screw-chuck (Fig. 
Ill) can also be used in such cases. 

In connection with this last chuck, we may notice the 
centreing square (fig. 112), a simple expedient for finding 
the centre of any circular piece of wood, or other material, 
of which the radius does not exceed the length of the blade. 
Bringing the V-shaped stock up to the circumference in any 
two positions, and passing a pencil or scriber along the blade, 
the point of intersection of the lines so drawn shows at once 
the centre of the circle. For metal and other work, of which 
the ends are circular and of "small diameter, the centre can 
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be still more readily found by means of the centreing punch 

(fig, 1 13), which is merely a pointed steel punch with parallel 

sides, sliding freely in the stem of an inverted funnel, or 

centreii^ cone. To whatever distance the 

circular end of the work may enter this cone, 

the point of the punch will be always at its 

centre, which spot can be marked by givii^ 

the top of the punch a light blow with a 

hammer. Without the cone, the pointed 

centre punch is to be met with in every 

workshop in which metal-turning or drilling 

is carried on. 

Of chucks for the attachment of metal 
work to the foot-lathe, two kinds only de- ^"^ "'■ 

, . , , , 1 Canremi Punch. 

mand attention here, namely, those used 
for the arrangement known as Di^ and Driver, or Driver 
and Carrier, and the so-called American inventions, the&ru//- 
chucks. Most of the others are merely small sized copies 
of those in use with ' power-lathes,' in connection with which 
they will best be described. Indeed, the same m^ht be said 
of the driver and carrier, but for large work an improved 
form of driver (Clement's) is now chiefly used, and we are 
not aware that it has at present been applied to foot-lathes. 
The principle of the driver and carrier consists in sup- 
porting the work upon two steel points by means of a 
small centre hole at each of its ends, one point being at- 
tached to the mandril, the other to the poppet or back 
centre. It is thus rigidly supported, and is incapable of 
any motion except that of revolution. In order to cause it 
to revolve with the mandril, a dog or carrier is attached to 
the end of it, which lies towards the left hand of the work- 
man, and a driver is so fixed to the mandril as to move with 
it The forms of Carriers vary with the shape of the work 
to which they are to be applied, those represented in fig. r 14 
being amongst the most useful for circular and other sections. 
Fig. 115 shows the Drivers which are most frequently used 
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in foot-lathes. The fadlity with which this system lends 
itself to work of the most varied shapes and sizes, — pro- 

tt ^ 



FtG. 114.— Canicis (1). 
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\-ided that its exterior only is to be turned, — together with 
the advantage which it presents in enabling it at any time 
to be again chucked concentrically, combine to make it of 
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Fia 116.— Mti»l Backstay. Fia 117.— Wood Backsuy. 

very general application. The rigidity with which the work 
is thus supported — which is a very necessary quality when 
hard and unyielding materials are under treatment — is also 
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much in its favour. Where, however, anything of consider- 
able length and but small diameter has to be turned, the elas- 
ticity of the article itself is so great that some rigid support 
becomes necessary in addition to the two centre points. 
Such an apparatus is called a Back Stay : one fonn of it, 
adapted for supporting metal work of small diameter, being 
shown in Fig. ii6, and one of a more simple kind, by which 
longandthin pieces of wood may be steadied, in Fig. 117. 

For metal work which cannot be fixed between two 
centres, various other chucks are used, according' to its size, 
shape, &a Small pieces of no great 
length, especially of brass and the 
softer metals, are in general sutR- 
ciently rigid if merely driven into a 
piece of hard wood chucked in a 
cup-chuck. 

' Bell-chucks ' for pieces of large 
diameter and moderate length; 
' cone-chucks ' for discs having 
central holes, and 'face-plates' for 
flanged castings, and all kinds of 
work capable of being bolted down 
upon a flat perforated plate — are all 
made in miniature for use with foot- 
lathes ; but the reader will suffi- 
ciently understand their construction 
and uses from the figures of their 
more powerful relations given in 'seaioi liioughc™™ (j'x' 
connection with 'power-lathes,' with- 
out special description of them here. For the ' four-jaw- 
chucks ' there mentioned, an admirable substitute for small 
work has lately been introduced under the name o( American 
Scroll-chucks, of one of which Fig. 118 shows a perspective 
view, together with a section through its centre. The great ad- 
vantage which they possess is due to the jaws being all made 
to slide simultaneously, so that the necessity for 'centreing' 
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the work held between them is entirely avoided , Every 
turner knows the sacrifice of time at which this operation 
has ordinarily to be effected, and will therefore be able to 
appreciate the value of any efficient means of dispensing 
with it. Its importance led to the adoption of a similar 
arrangement in Mr. Holtzapffers workshop many years 
before * American' self-centreing-chucks were heard of. 
The manner in which the motion of the jaws is made 
simultaneous will be understood from the section, where 
A, B, and C are three pieces which together form the 
main body of the chuck j when once put together, these 

to all intents and purposes form one piece. 
Enclosed between A and B is a ring, D, which 
can revolve independently. In the face of the 
chuck are three radial grooves, each of which 
has two feathers projecting from* its sides 
into the body of the groove. Sliding freely 
along these grooves and feathers are the three 
jaws. On the face of the ring D a spiral of 
about 3^ revolutions is cut, of such width and 
depth that its section resembles that of a 
square-threaded screw. Counterparts of the 
spiral are formed on the internal edge of each 
of the jaws, which, when in position, are in 
contact with the face of the ring D. Con- 
sequently, by causing this ring to revolve 
while the body of the chuck is at rest, the 
three jaws are all made to advance or to re- 
cede from the centre to an equal extent 
This is readily effected by introducing two 
pins, or — what is better — two chuck-wrenches, 
of the form shown in Fig. 119, into the holes made for that 
purpose in the circumferences of B and D. 

Although the * stepped ' form of the jaws enables them to 
take hold of pieces of work of which the diameter varies 
considerably, these chucks cannot be employed for holding 



Fig. 2x9. 
Chuck-Wrench. 
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fine drills or similar small articles. For these, one of the 

various forms of chuck resembling that shown in Fig. 120 

can hardly be too highly recommended. They are known 

as Drill-Chucks^ and are much 

used in conjunction with the 

spiral drills figured in Chapter 

III. Like the preceding, they 

have three sliding jaws, which p,^ „o!^^.Chuck (i). 

can be moved simultaneously 

in a similar manner, so that the drill, if straight to begin 

with, cannot fail to run true when fixed in the lathe. 

Before the use of these chucks became general, metal 
work, when of small diameter, was frequently fixed in 
plain metal chucks, bored out almost to the same size as the 
work, and split by cutting them longitudinally with a saw ; 
the requisite tightness being obtained by driving up a ring 
on the outside, which was slightly tapered for the purpose. 
But it is evident that each of these chucks could be used 
only for articles differing from one another but little in 
diameter. With the three-jaw-chucks., on the other hand, 
the diameters may vary within comparatively wide Hmits, so 
that no enlargement or reduction of the stems of a set of 
drills is necessary ; which in itself is a great advantage, to 
say nothing of the more efficient manner in which they are 
held. 

It is firequently required to drill a truly central hole in a 
piece of work which is already fixed in the lathe. The drill 
is then pressed up to the work by means of the poppet, 
being at the same time prevented from revolving by holding 
it with a hand vice or a drill-chuck, or in any other con- 
venient way. No special apparatus is necessary except in 
cases in which the poppet is already employed in supporting 
one end of the work. Recourse must then be had to a 
substitute for it, by which access to the extremity of the work 
shall not be prevented. Such a substitute will be found in 
the Boring Collar (Fig. 121), of which the essential part is 

M 
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a thick plate cootaining a series of countersunk holes of 
different sizes. Any one of these can be brought into the 
line of the axis of the mandril, provision being also made 
for fixing the plate at any part of the 
lathe bed ; the circular end of the work 
iupported in the countersunk hole can 
J then be drilled from the opposite side 
' of the plate. 

Although our notice of foot-lathe 
apparatus must necessarily be a hasty- 
one, two other kinds of chuck de- 
mand a short description — the 'ec- 
centric' and the 'oval' chuck. But, in 
connection with these, it must be borne 
in mind that for the former some means 
of fixing the tool is absolutely neces- 
sary, and for the latter it is very de- 
sirable ; so that an explanation of the 
slide rest, which affords the means of 
^ securing and giving the requisite morion 
to the tool, ought perhaps to have preceded them. 

The object of the eccentric-chuck, which is used almost 
exclusively for ornamental turning, is to cause the work to 
revolve round any point within a mode- ■ 
rate distance from its true centre. Thus, 
supposing Fig. 122 to represent the outline 
fif a piece of wood, chucked and turned 
up ; in the namral course of things it re- 
volves round its cenUe, a, and without 
Fig. i». being chucked afresh, its axis cannot be 

in any other position. But with the aid 
of an eccentric chuck it can be made to revolve round any 
point, B or c; and by a simple arrangement a complete 
series of points, such as c c' c", &c. , all equidistant from the 
true centre, can in turn be brought into a line with the axis 
of the mandril By causing a fixed tool to trace a circle round 
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each of these points in succession, an elaborate and O' 
ally pretty species of ornament can be applied to the face of 
any piece of work. In Fig. 113 are two specimens of such 
patterns. 

<l is given in the following manner. 




Between the ordinary cup-chuck and the mandril there is in- 
troduced a thick brass plate (b, Fig. 124). carrying a second 
sliding plate (c) upon its surface. When the chuck is in the 
position shown in the figure, the V-shaped 
jaws, between which the plate (c) slides, 
are vertical, so that a portion of the 
ends of the plate only are seen. Inside 
a boss (a), which is cast in oner piece with 
the first plate (b), there is a female screw 
for fixing it to the mandril, and a screw 
for the attachment of the cup-chuck con- 
taining the work is carried hy the slide (c). 
By turning a handle applied to the end 
of its adjusting screw (d), a slow motion 
is given to the slide (c), the axis of the ^"^■, "*" 

work attached to it being thus made more " ™ 

or less eccentric to the axis of the mandril. The amount of 
this eccentricity can be read off by means of main gradua- 
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tions on the internal face of the plate and subdivisions on the 
bead of the screw (d). To enable the successive points of a 
series (as cc'c", &c., in Fig. 122) to become in turn the axes 
of rotation by being brought into a line with the axis of the 
mandril, the screw which carries the work is not rigidly fixed 
to the slide (c), but can be made to revolve slowly round its 
axis by means of the tangent screw (f), which takes into a 
wormwheel, the edge of which can be distinctly seen in the 
figure. In order that the circle may be readily divided into 
an equal number of parts, the teeth of the wormwheel are 
numbered, and the head of the tangent-screw is also gra- 
duated ; but a simple notched wheel 
and catch is often used instead of the 
wonnwheel shown in the engraving. 
In either case it should have some 
readily divisible number of teeth — the 
advantages and disadvantages of such 
numbers as 96 and 100 in this respect 
I being a subject on which advocates 
of a decimal system would do well to 
ponder — 100 being divisible only by 2, 
4, 5, 10, 20, 25, and 50; whereas 96 is 
divisible by a, 3, 4, 6, 8, 12, 16, 24, 
32, and n%. It is therefore probable 
that the most constant lover of decimals 
Fio. laj.— Omi-Chudt. Would fot once consent to abandon his 
favourite system, and, following the 
common practice, would have his eccentric chuck provided 
with 96 teeth. 

The ovai-chuck almost requires to be seen to be under- 
stood, but a general notion of its appearance and action 
may be gained from Fig. 125. Its object is to impart such 
a motion to flie work that a tool held stationary in contact 
with it shall at each revolution of the mandril describe an 
ellipse instead of a circle. The right-hand portion of the 
figure will be seen to bear much resemblance to the eccentric- 
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chuck just described. A plate (b) has upon it a similar 
boss (scarcely seen in the figure), by which it is attached to 
the mandril ; and a similar slide (c) has a screw for carrying 
an ordinary chuck containing the work, at the base of 
it being a wormwheel and tangent screw, as before. In 
passing, we may mention that these last are better omitted 
when the chuck is to be used for plain oval turning only, 
the screw being then part and parcel of the slide (c), so that 
one source of possible unsteadiness is avoided. Instead 
of the slide (c) being adjusted by the slow motion of a 
screw, as in the eccentric chuck, it is made to work in its 
groove with perfect fireedom, carrying with it however two 
guides (a a), which are firmly fixed to it, and which pass 
through slots in the plate (b). Entirely detached from the 
above plate, slide, &c., is a ring, of which the outside 
diameter exactly fits the space between the guides (a a). 
By means of the arms and milled-headed screws on the 
left of the figure, this ring can be firmly fixed to the head- 
stock of the lathe without in any way interfering with the 
rotation of the mandril, the screw of which passes through 
the ring. As long, therefore, as this fixed ring is concentric 
with the mandril, the oval-chuck in no way influences the 
motion of any piece of work which may be attached to it, 
its guides (a a) merely sliding round the ring without being 
drawn out of their natural course. But when this ring is 
moved sideways by loosening one of the pointed screws and 
tightening the other, so that its centre no longer coincides 
with that of the mandril, it no longer allows the guides (a a), 
nor the shde (c), which is in connection with them, to follow 
a circular path. At two points, indeed, during each revo- 
lution of the mandril (when a line joining the centres of the 
guides is vertical, the arms and screws being horizontal when 
the ring is in position), the slide (c) is concentric with it; 
but after these points have been passed, the guides alter- 
nately draw the slide more and more from its natural course, 
till it has an a,raount of eccentricity equal to that at which 
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the ring has been set. I'his occurs twice in each revolution ; 
and, since the effects of these two disturbances are in oppo- 
site directions, the major axis of the ellipse thus described 
exceeds its minor axis by twice the amount of eccentricity 
given to the ring. By means of graduations on any con- 
venient part of its arms, the amount can be read off. It 
must of course be equal to half the difference between the 
major and minor axis of the ellipse. Thus, for cutting an 
ellipse measuring 7^x6 inches, the ring must have an 
eccentricity of | of an inch. Some account of the theory of 
the oval chuck may be found in another volume of this 

series. ' In using it with hand-tools and an 
. ordinary T-rest, considerable care is neces- 
\ sary to keep the edge of tlie tool at one 
constant height above the lathe-bed. Any 
change in the height of the tool causes a 
corresponding change in the direction of the 
Fig X26. ellipse, accompanied by the destruction of 
the work, in the manner shown to an ex- 
aggerated extent in Fig. 126. 

The slide rest^ in its simplest form, consists merely of an 
arrangement for holding a turning-tool by mechanical means 
instead of by hand, and for giving to the operator, through 
the intervention of one or two simple adjustments, more 
complete control over it than he can otherwise obtain. Such 
an apparatus — ^which forms a most valuable addition to a 
foot-lathe — ^is represented in Fig. 127. On the under side 
of its base is a wide projecting feather (a), which fits into 
the space between the two cheeks of the lathe-bed ; in this 
is a tapped hole, which enables it to be firmly bolted down 
upon the bed. On the base plate is a sliding plate (c), con- 
taining a dove-tailed groove, to which a steady backward or 
forward motion can be given by turning the handle (b), 
which works a horizontal screw. Attached to this plate (c) 

* The Element: of Mechanism, by T. M. Goodcve, M. A., pp. 2IO-II. 
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by two vertical screws and a central pin is the lower half of 
the cross-slide (d), on which the upper portion of the rest 
(g) can be made to travel laterally by turning the handle (/) 
at the end of a second horizontal driving screw. These two 
slides together form what is sometimes termed a * compound* 
slide. The tool being firmly clipped in the tool-holder (at 
the top of the figure) by screwing down upon it any two of 
the four screws, it is evident that a slow motion can be 
given to it, either parallel to the axis of the mandril by 
turning the handle (/), or at right angles to it by turning the 
handle (b). Or, by variously combining these motions, any 




Fig. 127.— Slide-Rest for Foot-Lathe. 

curved or conical surfaces can be turned — the latter, how- 
ever, being more easily effected by placing the cross-slide in 
an oblique position and moving the tool by means of the 
handle (/) only. 

Such is the general principle of the slide-rest, the intro- 
duction of which has been followed by the mighty results to 
which we hav^e already alluded. Since its efficiency is either 
greatly impaired or altogether destroyed if the tool, when 
fixed in the tool-holder, possesses any * shake' or unsteadi- 
ness, it is evident that the slides must be formed with the 
greatest care — the two halves of the dovetail being in every 
case kept perfectly parallel, and the surfaces which are in 
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contact being made truly plane. Thus, and thus only, can 
we obtain evenness of fit at all parts of the slides, without 
which the uniform smoothness in their movement and steadi- 
ness on the part of the tool supported by them, which are 
the tests of the efficiency of the slide-rest, are impossible. 



Flc is9.— spherical Slidt-Rest. 

But even as applied to foot-lathes, the slide-rest is by no 
means always equally simple. 

Some means of adjusting the height of the tool is often a 
desideratum, and for ornamental turning a third slide is 
frequently interposed between the cross-slide and the tool- 
holder ; occasionally, also, even a fourth slide and other 
adjustments are introduced — as in the 'spherical slide-rest' 



v.] Slide-Rest. 169 

represented in Fig. 128 — ^by which wonderful things may 
doubtless be effected. But with each fresh complication an 
additional chance of unsteadiness in the tool is introduced, 
which can only be avoided by increased care in the manu- 
facture and use of the apparatus ; so that, except for the 
purpose of producing elaborate patterns (which are generally 
of doubtful beauty), a slide-rest which is so constructed as 
to hold the tool as rigidly as possible is much to be preferred 
to one of great complexity. 

In the slide-rest (Fig. 127), the tool-holder consists of a 
square plate, fixed upon the upper portion of the cross-slide 
(g), at a height somewhat exceeding the thickness of the 
tool, which is held by screwing down upon it any two of the 
screws at the comers of the plate. This arrangement only 
admits of the tool being placed either parallel to the direc- 
tion in which the cross-slide moves, or at right angles to it, 
which is frequently a disadvantageous position for it. Other 
forms of tool-holder are therefore generally adopted. In one 
of these, which was proposed by Professor Willis in the 
year 1842, the upper plate is made triangular, a holding- 
down bolt passes loosely through its centre, and at its three 
angles are three bearings ; two of these press evenly upon 
the tool when the screw which constitutes the third bearing 
is tightened. Consequently, half a turn 
of this screw suffices to fix or to liberate 
the tool ; and it can be placed at any 
angle with the axis of the work. An- 
other tool-holder, which affords similar l^x ^ -^ 1 iw -^ 
facilities for fixing the tool at any piPliiiilHiiJII 

angle by means of a single screw, and fig. i2<). 

is rather more compact in appearance, Circular Xooi-Hoidcr. 
is shown in Fig. 129. When it is not 
exerting pressure upon the tool, the slotted cylinder can be 
turned round on its axis. Its inability to hold any tool which 
cannot be passed through the slot is its chief disadvantage. 
But none of these tool-holders are now much employed 
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except in the case of the small slide-rests, of which the use 
is confined to the foot-lathe. In those of larger size, the 
only permanent provision for holding the tool is generally 
the introduction of four bolts into the upper portion of the 
cross-slide. These are fixed with their heads downwards, 
and the tool is secured by being placed beneath two short 
perforated bars, which are slipped over the ends of the bolts, 
nuts being then screwed down upon them. The arrange- 
ment may be observed in the engraving of the duplex lathe 
(Fig. 143), and elsewhere in the next chapter, two only 
of the holding-do^vn bolts being in use, and the opposite 
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ends of the bars being supported by a short packing piece 
of the same height as the tool. 

Examples of the slide-rest tools adapted for hand-turning 
are given in Fig. 130, the uppermost of them being known 
as a * round nose,' and the others as a 'square nose,' a *hook 
tool,' and a * spring tool ' respectively. But many which are 
used for small work in foot-lathes differ only in respect of 
size firom those required for heavy work in power-lathes; 
and of these the principal typical forms will be found at a 
future page (see Fig. 150). Fig. 131 shows two kinds of 
cutter-holder — an excellent arrangement— the principle of 
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which was first suggested by Mr. Babbage- Considerable 
economy results from their use. In the first place, a very 
much smaller quantity of tool steel is required, the holder 
being made once for all of steel of inferior quality; and, 
secondly, they are much more easily sharpened. Thus, the 
ordinary diamond-pointed hook tool shown above must be 
carefully forged and tempered to begin with; and when 
blunt, must be ground at the top and on its two sides. A 
similar tool can be made by fixing in an appropriate cutter- 
holder a short piece of steel of triangular section, which can 
be sharpened by grinding its upper face only. The necessity 
for adjusting the height of the rest as the tool gets worn 
away in sharpening, is also dispensed with when holders 




Fig. 131. — Cutter-Holders. 

with loose cutters are substituted for the usual hook tools. 
Altogether their general adoption, both for light and heavy 
work, seems likely to be only a matter of time. Several 
patterns besides those shown in Fig. 131 are now in use, of 
one of which a representation will be found in Fig. 151. 

For ornamental turning, slide-rest tools of much smaller 
dimensions than those above represented are used. Some 
of their forms are shown (full size) in Fig. 132, but they are 
made in very great variety to suit the wants or fancies of 
the amateur. 

In many of these operations motion is imparted to the 
tool only, so that the process becomes more nearly allied to 
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drilling than to turning. The mandril is then useless except 
for affordiDg a firm and readily adjustable support for the 
work in hand, its graduations (on the divided plate already 
mentioned) enabling each point of any 
series to be brought in turn into a line 
with the axis of the revolving cutter. 
Easily divisible numbers — such as 96, 
144, and 360 — are chosen for the dif- 
ferent 'scales ' on the divided plate, for 
the same reason as for the teeth of 
the eccentric chuck. Lathes intended 
for this kind of work are provided 
with some kind of ' overhead motion,' 
for enabling the rotation of the flywheel 
) be communicated to the tool sup- 
it. This is generally done by one or 
other of the following arrangements. Either a light shaft is 
placed parallel to the axis of the mandril at some three feet 
above it, and this is driven directly from the fly-wheel without 
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being in any way connected with the mandril ; a second short 
band being then passed over a pulley on this shaft, and round 
the revolving cutter-holder. Or a long single band is used, 
which runs first round the flywheel, thence over two loose 
sheaves supported by a balanced bar above the head of the 
operator, and which finally descends, as before, to the revolv- 
ing holder in which the cutter is fixed. Fig. 133 represents 
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a Revolving Cutter-Holder^ which can be used in this way for 
either plain or slot drilling, for cutting grooves, key beds, 
&c., and for a variety of ornamental purposes. It consists 
of a square shank, of a convenient length for being held in the 
tool-holder of the slide rest, within which is a steel spindle, 
having at one end a grooved pulley, and at the other end a 
screw, and also a central hole for the 
attachment of the drills or cutters. 
These having various forms of cutting 
edge (examples of which are given in 
Fig. 134) produce by their revolutions , 
a great variety of beaded and other ^^^ 

patterns. Or, by substituting for these Revolving Cutters W 

round or flat-sided drills, and giving Omamental Turning. 

them a horizontal motion by means of the slide rest, grooves 
of corresponding sections can be cut either parallel or trans- 
versely to the axis of the work. 

Extending the system of imparting the motion to the tool 
instead of to the work, a slight addition to the revolving 
holder just described enables us to dispense altogether with 
the eccentric chuck for engraving such patterns as those 
given in Fig. 123. For this purpose the cutter, instead of 
being attached concentrically to the spindle, is fixed in a 
holder which can be made to travel along a cross-slide ; as 
shown in Fig. 135, where a is the square shank, b the grooved 
pulley at the end of the spindle, which revolves within it, 
and c the cross-slide. The holder can be adjusted by 
means of a milled-headed screw and can be firmly clamped 
at any part of the slide, graduations on the head of the 
screw enabling it to be accurately set, to as to describe any 
circle whose radius does not exceed the length of the slide. 
Series of intersecting circles can then be traced on the face of 
the work as before described, their positions being arranged 
with the assistance of the divided plate of the mandril 
instead of the eccentric chuck. 

By an ingenious, but slightly complicated arrangement of 
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cutter-holder, the oval chuck also may be dispensed with 
in similar cases, the cutter being made to travel in an 
elliptical path which may vary to any lequiied extent^ 




from a circle on the one hand to a straight line on the 
other. Other and yet more elaborate forms of apparatus, 
and also the combination of some of the above with one 
another and with the motion of the mandril, result in the 
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production of face-work patterns, &c., of great complexity 
and occasional beauty. In Fig. 136 are two examples 
of such patterns, which will serve to show the capability 
of the geometric chuck; a most ingenious contrivance by 
which an endless variety of graceful curves can be ob- 
tained. For these and for many of the previous figures 
in this chapter, as well as for two of the subsequent 
ones, we are indebted to Mr, Northcott, in whose work on 
the subject of turning* a drawing and description of this 
chuck may be found, together with various devices engraved 
by it. To that work we must also refer the reader for an 
account of an excellent substitute for the Rose Engine, by 
which such patterns as Fig. 137 are produced. The cases 
of watches, to which, on account of their curvature, the 
ordinary eccentric patterns are inapphcable, are generally 
ornamented in this way, the waviness being formerly 
prodiiced by attaching to the 
mandril a circular plate with 
the requisite number of notches 
round its edge. Against this a 
small roller was made to bear, 
which, entering each of the 
notches in turn, caused a slight 
corresponding lateral motion 
on the part of the mandril, the 
headstock being so arranged 
as to admit of it. Thus the 
work was made to vibrate or 
' chatter,' so that a fixed tool produced upon it a pattern 
with the same number of waves as the plate or ' rosette,' In 
the 'rose-cutting instrument ' referred to, the cutter is made 
to vibrate, the work being stationary; an airange men t which 
has obvious advantages. 
One other process peculiar to the foot-lathe deserves a 

' On Lalhri and Turmng, Northcott Longmans : 1S68. 
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passing notice— that of cutting screws by means of a tra- 
versing mandril. For this purpose the two bearings of the 
mandril are made cylindrical, instead of being conical or of 
the fonn shown in Fig. 99, so that it can travel longitudinally 
for a short distance without its fit in the headstock being 
impaired. A short length of screw of the exact pitch re- 
quired being made fast to the end of the mandril, a corre- 
sponding female screw is fixed to the headstock in contact 
with it. The mandril, when made to revolve, thus receives 
a slow and uniform longitudinal motion, and an exact copy 
of the screw can in this way be cut by a stationary tool 
firmly held in the slide rest, or even in the hand. 

Two other kinds of revolving tools should also be men^ 
tioned, viz. : — Milling Tools and ' Circular Cutlers^ The 
former are used for giving the requisite roughness to the 
heads of thumb screws (such 
as those in Fig. 125) ; and 
they have the merit of being 
very quick in their opera- 
tions,a fewturnsof the lathe 
only being required in order 
10 convert a plain circular 
moulding into a ribbed or 
beaded one. The tool con- 
sists of a small disc of steel, 
having all round its edge a 
counterpart of the pattern 
which it is intended to pro- 
duce. This disc, which is Fic. 138.— Cimilar-Cuiwr. 

mounted in a handle so that 

it can rotate with perfect freedom, is merely pressed against 
the revolving work with sufficient force to cause it to leave 
its impression. The discs are generally of small size — 
rarely exceeding half an inch in diameter. 

Circular Cutters are also made from discs of steel. In 
general they are of much larger diameter than milling wheels, 
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to which in fact they bear no resemblance, since they per- 
form their work by a true cutting process. They are used for 
forming the teeth of wheels and for various other purposes, 
.being mounted, when in use, upon a spindle which can be 
driven frqm the flywheel and brought up to the work by being 
attached to the slide-rest In Fig. 138 one of these cutters 
— or rather a portion of one — is represented full size. It 
will be observed that its teeth resemble those of a single cut 
file, and that during its revolution they act continuously in a 
precisely similar manner. The method of using these 
cutters, as well as the description of a revolving-cutter 
machine for making them, will be found in Mr. Northcott's 
work, already (referred to. 



CHAPTER VL 

ON POWER-LATHES. 

The lathes which we have thus far been considering are 
merely mechanical means of applying muscular power to the 
various processes comprised under the head of 'turning.' 
This, as we haveiseen, is generally effected by means of a 
ttreadle, crank, and fly-wheel, although a crank worked by 
hand, driving a fly-wheel of large diameter, is occasionally 
substituted. But although in this way some additional 
power may be applied, it would be utterly insufficient for 
*heT5ulk of the work which has to be turned in an engineer's 
workshop at the present day, for which power lathes of 
various kinds have become an absolute necessity. Under 
this head we shall include all lathes which can be worked 
only by being connected with a steam engine, or some other 
independent machine. 
The transition from foot-lathes to power-lathes might seem 
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indeed as if it ought to be accompanied by a diminution 
in the number of their working parts, although of course 
they must be of greater strength and weight ; but a glance 
at the engravings in the present chapter will soon dispel any 
such idea — the cause of their apparent complication being, 
broadly speaking, twofold. In the fitst place, most of the 
work which is performed with them requires a very slow 
speed ; and for the transmission of this the leather belts by 
which the power is, as it were, laid on from the engine, or 
other prime mover, are not well adapted. Consequently, 
their comparatively high velocity must be much reduced 
before it is conimunicated to the work, and although this is 
in almost all cases partially effected by means of a * counter- 
shaft,* arrangements for still farther exchanging speed for 
power are affixed to the headstock of every power-lathe. 

Somewhat greater complications, however, are rendered, 
necessary by the universally prevalent practice of making 
power lathes ' self-acting '—that is to say, providing them 
with some mechanical means of giving the proper feeding 
motion to the tool. This may be effected through the 
agency of the slide-rest in several different ways, one of the 
most frequent being that adopted in screw-cutting lathes of 
connecting it with a long and accurately pitched screw 
(termed the 'leading screw') of which the axis is parallel 
to the lathe-bed. For this purpose the driving speed must 
be still farther reduced, and the proportion which the revo- 
lutions of the leading screw bear to that of the mandril must 
be definite and capable of adjustment ; conditions which 
are most easily and certainly fulfilled by connertiag them 
together by a train of * change wheels.' These, especially 
when a lathe is also provided with the 'self-acting rack- 
traversing motion,' hereafter described, give at first sight an 
appearance of great complexity. But this is soon dispelled 
when each set of parts is examined independendy of those 
which, although very near neighbours, are in no way related 
to it. Each, however, of the above self-acting arrangements 

N 2 



VI. ] Self -acting Screzv-aitting Lathe. 1 8 1 

requires corresponding additions to be made to the slide- 
rest, which consequently assumes proportions very different 
from those of its simple ancestor showTi in Fig. 127. But it 
will be better to defer the detailed consideration of the various 
parts of a self-acting slide-rest till the description of one or 
two of the lathes themselves have rendered evident the 
necessity for these modifications in its construction. 

^ig* 139 shows an 8-inch screw-cutting gap lathe, which 
will serve to explain the double-geared headstock by which 
the requisite slowness of motion is given to the mandril, and 
also to show the position, &c., of the leading screw, and the 
change wheels by which such lathes are rendered self acting. 
With the difference between a plain and a * gap ' lathe, we 
will not trouble ourselves at present. First, .then, as to the 
double geared headstocky of which a plan is given in Fig. 141, 
the lower part of the drawing being in section so as to show 
the form of the mandril, which bears but little resemblance 
to that of the foot-lathe given in Fig. 99. Both its bearings 
in the headstock are conical, the front or right hand cone 
being formed on the mandril itself, the hinder or left hand one 
being a loose conical bush carefully fitted to it This, among 
other advantages, enables an accurate fit to be maintained 
between the mandril and the headstock, without having re- 
course to plummer-blocks, which would be necessary if the 
bearings were cylindrical. (It may be observed that the head- 
stock in Fig. 98 has plummer-blocks on this account.) On the 
mandril — of which the whole of the central part is of uniform 
diameter — is a loose, conical pulley, to the small (hinder) 
end of which a pinion is attached. These are in no way 
connected with the mandril, but revolve freely upon it. Fig. 
140 will explain the arrangement, f and g being the conical 
pulley and pinion, inseparable from each other, but not con- 
nected with the mandril. In front of the large end of f is 
the spur-wheel l, which is connected with the mandril, and 
always revolves with it ; and gearing into this is a pinion k, 
keyed upon a short shaft parallel to the mandril. Fixed 
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upon this shaft there is also a spur-wheel H, gearing into the 
pinion G. The effect of driving the puUey f at a quick 
speed by means of a leather belt (of which a portion appears 
in the diagram) is thus to make h revolve less rapidly ; the 
pinion k, which runs at the same speed as h, still further 
■reducing it in its transference to the mandril through the 
spur wheel L. To enable the mandril to be driven at a 
quick speed when required, a bolt can be screwed through 
L into the face of the pulley r, thereby connecting it with L, 




and through l with the mandril. H and K must then be 
thrown out of gear, which can be done either by sliding the 
shaft which carries them in the direction of its length (as 
described and figured at p. 142 of Professor Goodeve's 
volume of this senes), or by the somewhat neater expedient 
of supporting it m eccentric bearings, instead of directly in 
the headstock itself The headstock represented in Fig. 
141 is fitted with this arrangement, the portions of the 
framing which would naturally, conceal the discs (b and b') 
being removed ; as also are parts of the pulleys, &c., for the 
purpose of showing the mandril, as already explained. One 
fif thpse discs (b) is likewise shown in section, so as to 
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exhibft the position of the shaft c, when the toothed wheels 
which it cairies are in gear with those on the mandril. When 
the wheels are out of gear, the shaft occupies the position 
indicated by the dotted lines in the sketch (Fig. 142), in 
which c represents the end of the shaft under the former 




condition, and B the disc in which it is supported, eccentric- 
ally, of which the 'throw' need only exceed the depth of 
the teeth of the wheels by a sufficient amount to ensure 
their clearance. It will be observed that this system, which 
is now very lai^ely used, not only for lathes, but also for 
drilling machines, &c., admits of the headstocks being some- 
what shorter than is required for the 
sliding arrangement alluded to above. 

In a plain ' screw cutting ' lathe, — and 
it was for the purpose of originating screws ' 
that Mr. Henry Maudslay, at the com- 
mencement of the present century, devised 
the self-acting lathe, — a shaft with an accu- 
rate leading screw cut upon it is supported 
(in bearings at its ends only) in some convenient positici 
truly parallel to the axis of the mandril. In Fig. 139 i, 
IS placed in front of the lathebed. In Fig. 143 it is 
between the cheeks of the bed and therefore cannot be 
seen. In either case the connection between the slide rest 




1 84 Workshop Appliances. [Chap. 

and the leading screw can be made or broken at pleasure, 
and any requisite proportion between its speed and that of 
the mandril can be obtained by properly combining the 
change wheels ; a set of which (consisting of about i^ or 
2 dozen) is provided with every lathe of this kind. The 
exact pitch of the leading screw being known (it has gene- 
rally either i, 2 or 4 threads to the inch) — a simple' calcula- 
tion shows what wheels must be employed for cutting a screw 
Twith the same or imy other number of threads to the inch. 
For ordinary pitches, however, a table* is provided with each 
Hathe, which shows at a glance the wheels which will give the 
]proper result. But the correctness of the table, or the in- 
crease or diminution of speed — and by consequence the 
^theoretical loss or gain of power — due to any other train of 
wheels (as, for example, the wheels of the double-geared 
'headstock just described) is so easily calculated, involving 
only a knowledge of simple arithmetic, that all who study or 
use such lathes should be familiar with the process. 

A clear explanation of it, and also of the method of so 
arranging the wheels as to cut left-handed screws, together 
with a diagram illustrating the action of a similar train of 
wheels to that shown in Fig. 139, will be found at pp. 136 to 
139 of Professor Goodeve's * Elements of Mechanism.* 

The actual arrangement of a set of change wheels can 
be clearly seen in Fig. 139. A spur-wheel is attached to the 
end of the leading screw, and a pinion to the hinder end of 
ithe mandril, which is prolonged beyond the left hand bear- 
ing of the headstock for that rpurpose. This projecting end 
of the mandril is supported by two horizontal pillars carry- 
ing a cross piece, the latter serving to assist jthe foremost 
conical bearing in taking any end thrust which may be put 
upon the mandril. Connection is established between the 
aforesaid pinion and spur-wheel either by a single interme- 
diate-wheel or by an intermediate-wheel with a pinion attached 

^ See Table of Change Wheels, at end of Ihis volume, for Lathe, 
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to it ; — the latter of these arrangements being shown in the 
engraving. But the variable sizes of the pinion, spur, and 
intermediate-wheels required for driving the leading-screw at 
different speeds render it necessary to give the intermediate- 
wheels an adjustable support ; for which the universal prac- 
tice is to mount them on a Radial Arm or Tangent-Plate 
instead of on a fixed bearing. This arm is moveable about 
the axis of the leading-screw, and by means of set-screws 
working in circular slots it can be clamped at such an angle as 
to enable the intermediate-wheel to gear into the pinion on 
the mandril. At the same time either this wheel itself or the 
pinion attached to it can be brought into gear with the 
spur-wheel of the leading-screw, provision being made for 
variation in their diameters by grooving or slotting the radial 
arm, and thereby enabling the intermediate-wheel spindle to 
be fixed at any point throughout its length. 

Running along the front of the lathe bed above the lead- 
ing screw, in Fig. 139, a rack may be observed. Its object 
is to enable the slide-rest to be moved along the lathe bed 
(or * traversed ') by hand when it is not required for screw- 
cutting, and also in screw-cutting to enable the rest to be 
run back quickly before commencing a fresh cut. A pinion 
(not seen in the figure) gears into this rack. In some case^ 
the screw itself is made to serve for a rack, a worm wheel 
being substituted for a pinion ; but as so much depends upon 
the accuracy of the leading-screw, all unnecessary wear and 
risk of injury to it should be avoided. 

The construction of the back centre (sometimes called the 
loose headstock) will be sufficiently intelligible from the 
section of the foot-lathe poppet head previously given (in 
iig. 99). Some description of the chucks used with this and 
other power-lathes will be found at the end of this chapter. 

Fig. 143 shows a larger lathe of somewhat different con- 
struction from the preceding one. The bed is parallel 
throughout its length, and the leading screw, as has already 
been pointed out, is placed between the cheeks of the bed, 
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so that it cannot be seen in the engraving. Where a duplex 
slide rest is used— an invention of Sir J. Whitworth's, by 
the adoption of which much time may be saved — this central 
position of the leading screw has great advantages. The 
double toolholders can be clearly seen in the figure ; their 
action will be explained when we come to consider the self- 
acting slide-rest generally. 

In this, however, as well as in the lathe shown in Fig. 139, 
the slide-rest depends for its self-acting motions upon the 
leading-screw only ; and when this is the case, its original 
accuracy (as previously stated) cannot long be maintained. 
This is to some extent due to the gready increased strains 
to which it is subjected when used for turning heavy work in- 
stead of for cutting the threads of screws only. But, even if 
every possible care be taken in this respect, a still more fertile 
source of error remains, from the fact that the bulk of the 
work in almost every lathe is performed within a short dis- 
tance of the mandril, so that this part of the screw becomes 
much more rapidly worn and deteriorated than the re- 
mainder. This has led to the introduction of self-acting 
apparatus for giving motion to the slide-rest by means of 
the longitudinal rack, to which, in its application to hand- 
traversing, attention has already been directed. The 
gearing required for this purpose gives an additional ap- 
pearance of complication to lathes which are provided with 
it These are known as self-actings surfacing^ and rack- 
traversing lathes ; their slide-rests being capable of being 
driven either with a * traversing ' motion parallel to the 
lathe-bed, at right angles to it for 'surfacing,' or diagonally 
by a combination of the two. For this purpose a longi- 
tudinal back shaft is placed behind the bed, being sup- 
ported (at its ends only) in the same manner and in much 
the same position at the back, as that in which the leading- 
screw shown in fig. 139 is supported in front But this 
shaft, instead of having a screw-thread cut directly upon it, 
carries a short worm which, whilst it can slide freely in the 
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direction of its length, is compelled always to revolve with it, 
the shaft being provided with a longitudinal groove, and 
the worm with a feather, for this purpose. In this way any 
part of the backshaft can be made to serve as a worm or 
tangent-screw to a worm-wheel which is carried by the slide- 
rest, whilst at the same time the rest can be made to tra- 
verse by hand, for which special arrangements would be 
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required if the screw were continuous. The manner in 
which the various motions are communicated through the 
worm-wheel to the turning-tool will be fiilly explained when 
we deal with the slide-rest ; at present, we will confine our- 
selves to describing the ordinary method of driving the 
backshaft, and of varying its speed, the arrangements for 
which are so clearly shown in the accompanying engraving 
that our task will be a comparatively easy one. This (fig. 
144) represents a back view of the headstock end of a rack- 
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traversing and surfacing lathe, made by Messrs. Shepherd, 
Hill & Co., and in it the back shaft worm and worm-wheel 
just mentioned can be plainly seen. It is also evident that 
the slide-rest, which carries the worm-wheel and also the 
toothed wheel and pinion in front of it — ^and which in the 
engraving is shown almost as close to the headstock as it is 
possible for it to be — cannot be moved along the bed 
without carrying the worm upon the backshaft with it. This, 
therefore, bridges over the main difficulty in transferring a 
portion of the power from the mandril to the tool, namely, 
that arising from the variable position of the slide-rest 

Tracing the course of the motion from the worm and shaft 
towards the mandril, — although it is of course not trans- 
mitted in this direction but in the opposite one, — we observe 
in the first place a spur-wheel made fast upon the extremity 
of the back shaft. Into this gears one or other of a pair 
of smaller spur wheels, according to the direction in which 
the 'oack-shaft has to be driven. These wheels are supported 
not directly upon the end standard, but upon a rocking- frame, 
which can be moved backwards and forwards through a 
short distance by means of a bar terminating in a handle at 
the front of the lathe. Upon the position of this frame, as 
we have said, the direction of the rotation of the back-shaft 
depends. For the two wheels which it carries are constantly 
in gear with one another, one of them being also constantly 
in gear with a pinion attached to the conical pulley which 
appears below these toothed wheels in the engraving. When 
therefore the frame is in one position, the wheel which is 
always in gear with the pinion is brought also into gear with 
the backshaft-wheel, the second wheel nmning idje, but 
when the position is reversed, this second wheel is brought 
into the train, and the movement of the shaft is consequently 
reversed. 

From the upper conical pulley to the lower one a belt 
transmits the motion, the three * steps' in each aflfording 
the means of driving the back-shaft at three different rates 
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of speed, whilst a spur wheel carried by the radial arm - 
establishes the connection between the upper pulley and the 
mandril; the pinion on the overhanging end of the latter, 
by which it will be remembered that the requisite motion 
is obtained from it for driving the leading screw in screw- 
cutting, serving the like purpose, when not so required, in 
the case of the traversing and surfacing gear. 

With reference to the use oC the * gap,' already men- 
tioned, it will be rememberd that the chief limit to the capa- 
city of a foot lathe was stated to be the height of the * centre' 
(of the mandril) above the bed. A gap is an expedient for 
extending this limit, ■ and thus enabling a lathe to take in 
articles of much greater diameter (if of moderate length) 
withput materially increasing its weight or general dimensions. 
For this purpose the bed is cast with a gap just in front of 
the end of the mandril, where a corresponding bend may be 
observed on its under side in Fig. 139. When the gap is 
not required, a loose piece fitting closely into the opening 
in the cheeks gives the lathe an ordinary flush bed. In the 
figure referred to this piece is shown in position, and its fit 
is so accurate that the gap can hardly be recognised. Although 
a gap is undoubtedly useful, it is not altogether an unmixed 
advantage, inasmuch as it offers continual temptation to 
the workman to overtask the power of the working parts of 
a lathe, by enabling him to "use it for heavier work than is 
advisable. The bed itself can of course be strengthened to 
any required extent by properly disposing an increased 
weight of metal, and in large gap-lathes the projection below 
the. bed not unfrequently extends quite down to the floor 
of the ^op. 

But when the treatment of work of large diameter is the 
regular and not the exceptional duty of a lathe, the increase 
in size should not be confined merely to the distance between 
the mandril and the bed, but should be extended to all its 
working parts. As moreover it may often be necessary to 
turn up articles of which the length as well as the diameter 
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is considerable, it is desirable to have the means of extend- 
ing the Hmit which is set by the width of the opening in 
the bed of a gap-lathe. These requirements are fulfilled by 
what is known as a Sliding Break Lathe, of which an 
example is given in Fig. 145. In this the bed consists of 
two separate parts ; a base-plate — ^which is of the full length 
of the machine, and of which the flat upper surface is kept 
at a sufficient depth below the mandril to enable the largest 
piece of work which the lathe can contain to run clear of it ; 
and an adjustable uppet part, or bed proper, which carries 
the slide rest and moving headstock upon its surface after 
the manner of an ordinary lathe bed, but of which the length 
is comparatively small. The width of the base-plate shown 
in our engraving is greatly increased in the neighbourhood 
of the fast headstock, to enable the slide rest, when mounted 
on a separate stand, to be used at a greater distance from 
the axis of the mandril than is possible when it is supported 
by the sliding bed, — but in some break lathes this arrange- 
ment is dispensed with. The width of the * break * or * gap ' 
can be adjusted to suit the length of the work by moving the 
sliding bed bodily along the surface of the base plate ; the 
back centre remaining always truly in a line with the axis 
of mandril. This traversing motion of course puts fresh 
difficulties in the way of rendering the slide-rest self acting. 
These however have been overcome by various expedients, 
consideration of the details of which would not be profitable 
in such a work as the present, so that we can only recom- 
mend the reader who is interested in them to examine the 
machines themselves when he has the opportunity. The 
increased number of toothed wheels at' the back of the head- 
stock in the engraving — ^which certainly at first sight gives a 
somewhat complicated appearance to this lathe — is due in 
part to the length of the train by which the necessary re- 
duction of speed for the feed motion is obtained, and partly 
to the fact of the headstock itself being 'treble geared,' the 
face-plate being driven, when the work is of large diameter, 
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by a pinion gearing with the annular wheel at its back instead 
of by the mandril. These lathes are occasionally of very 
large size,- the dimensions which determine their powers 
being, first; the height of the headstocks ; secondly, the length 
of the bed ; and thirdly, the diameter and length of the work 
which can be taken by the gap or break. In the figure the 
height of the headstocks (above the upper bed) is 21 inches, 
but this lathe is by no means a large specimen of its class ; 
others ranging as high as 48 inches in the height of the head- 
stocks, with 20 feet beds and breaks capable of receiving 
work 14 feet diameter and 3 feet 6 inches wide. 

When, however, articles which have to be turned are of 
such large size as regards their diameters, they are, more 
often than not, of but small width, in which case they can 
almost always be securely fixed without the assistance of the 
back centre. For these therefore the sliding bed may be 
entirely dispensed with, and the lathe may be greatly sim- 
plified and reduced in length. A small lathe of this kind — 
which is known as a face lathe, or surfacing lathe, from its 
principal duty being that of * surfacing,' rather than 'tra- 
versing,' — ^is represented in the accompanying engraving (Fig. 
146). The slide-rest, which is of a very simple form, is pro- 
vided with a base of sufficient height to bring the tool to a 
level with the axis of the mandril. It is made self-acting (in 
this case in the direction for 'surfacing' only), by establish- 
ing overhead communication between the hinder end of the 
mandril and the cross-slide of the rest; a light chain being 
passed firom the weighted arm at the front of the rest, over 
two sheaves, one of which is fixed above the slide-rest, and 
the other above the horizontal arm at the hinder end of th^ 
headstock. This arm receives an oscillating motion from a 
cam attached to the overhanging end of the mandril, 
which it thus imparts to the weighted arm of the slide- 
rest; firom which it is transferred, through the pawl and 
ratchet-wheel at the end of the horizontal screw, to the tool 
contained in the tool-holder. The feed thus obtained is of 

b 
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course intermittent, but it can be varied considerably by 
altering the points of attachment between the extremities of 
the chain and the arms, which are slotted for this purpose. 

When intended for surfacing work of very large diameter, 
it is advantageous for the speed of lathes of this kind to be 
duly proportioned to the distance from the axis at which the 
tool may be working, and they arc sometimes provided with 
self-acting apparatus by which this proportion is maintained. 
Jf the speed be not varied, it is obvious that the duty per- 




formed by both the lathe and the tool is much more severe 
when the cut is being uken from the outer extremity of the 
work, than when the central portions are being operated 
upon. So that in face-lathes of any considerable size, treble- 
gearing, or the means of driving the face-plate by a large 
toothed wheel attached to its back, such as that seen in the 
break-lathe (Fig. 145), becomes an absolute necessity. The 
above-mentioned capabilities of break-lathes indeed sink into 
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insignificance, when compared with those which face-lathes 
occasionally possess. Machines of this kind with 14-foot 
f^ce-plates, capable of turning articles up to .20 feet in 
diameter, may be obtained from any manufacturer of en- 
gmeers' tools, and in bygone years the present writer was 
familiar with a face-lathe capable of taking in work up to 
a diameter of 40 feet But this was intended for a special 
purpose — that of operating upon railway turn-tables (which, 
however, it has since become customary to tiurn when 
in a horizontal instead of in a vertical position) — and for 
special purposes we have at present arrived at no limits in 
respect of size which would be recognised by our machine 
makers as fixed and impassable. 

Into the construction of the numerous forms of lathe which 
are intended for special purposes, and not for general turn- 
ing, it will be impossible for us to enter here, although they 
would be found to be by no means wanting either in variety 
or in interest But the objection which applies to detailed 
descriptions of machinery of every class — namely, that the 
constant introduction of improvements in its construction 
soon renders the description inaccurate-^is of special force 
in their case, since almost every alteration in the size or form 
of the one article which each is designed to produce, renders 
corresponding changes desirable in the arrangement of the 
machine itself. 

Turning now to the particulars of the self-acting slide-rest, 
a glance at Fig. 147 will show that as applied to screw 
cutting, rack traversing, and surfacing lathes, it is by no 
means the simple apparatus which was described in con- 
nection with foot-lathes. From om: engraving its general 
appearance when in position upon the bed of a lathe of this 
kind may be seen, the front of the bed being provide^ with 
a leading screw and rack, and the back of it with the grooved 
shaft and worm, to all of which attention has already been 
directed. 

First, with regard to the means of establishing the con- 
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nection between the rest dnd the leading-screw — connection 
which must of course be capable of being made and broken 
at pleasure. This was formerly done by clasping the screw 
between the two halves of a horizontally divided nut which 
was attached to the slide-rest, and of which the upper and 
lower portions could be brought together or separated hy 




raising or depressing a lever handle in front of the rest 
The lever handle may be observed in the above engraving 
projectingbelow the bed of the lathe towards the left hand 
side of the rest; but it now acts upon a divided nut of in- 
creased length, of which one half (the lower) is entirely 
omitted. The mode in which it raises or depresses the 
upper half will be intelligible from the side view of the rest 
(Fig. 149); for which, and also for the plan (Fig. 148) — with- 
out which it would have been almost impossible. to make 
this ingenious piece of mechanism clear — we are indebted to 
Messrs. Shepherd, Hill & Co., of Leeds. Careful study of 
the different parts in these three figures, in conjunction with 
the back view of the rest (Fig. 144) will indeed almost render 
verbal description unnecessary j and some farther assistance 
may be derived from a ctjmpaiison of the present slide-rest 
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with that which is shown upon the bed of the screw-cutting 
lathe (Fig. 139), of which the construction is more simple, 




inasmuch as its movements, with the exception of that 
derived from the leading-screw, are only producible by hand. 
In Fig. 149, then, it will be observed that the half nut (b) is 
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attached to a vertical slide (c), which is there shown partly 
in section, so as to exhibit the eccentric pin (d) by which it 
is worked. When therefore the lever handle is in the posi- 
tion which It there occupies, the half nut is raised clear of 
the leading screw (a) ; when on the other hand it has been 
moved to that in which it appears in the perspective view 
(Fig. 147), where the lower part of the slide may be noticed 
projecting below the vertical portion of the * saddle,' the 
screw and the nut are brought into contact 

But except for cutting screws, it is preferable — as we 
have before explained — to give this longitudinal, or 'tra- 
versing ' motion, by means of the rack, instead of the lead- 
ing screw. In order to do this by hand, it is only necessary 
to turn the winch-handle on the extreme right of the rest 
(in Fig. 147), which fits into the socket of the spindle (e, in 
Figs. 148 and 149), and thus drives a pinion gearing into the 
spur-wheel, which appears in . the first and last of these 
figures. At the back of this wheel is another pinion gearing 
into the rack. To make this traversing motion automatic, all, 
therefore, that is necessary is to drive the spur-wheel firom the 
shaft at the back of the bed ; which is easily effected through 
the medium of the worm-wheel (g), and the shaft (h), which 
carries a pinion (j) gearing with the spur-wheel. Ready 
means must, however, be provided for disconnecting the 
pinion (j) from its shaft, and thereby arresting the motion 
of the slide-rest; and the method of doing this — which 
obtained for Messrs. Shepherd and Hill a well-earned prize 
medal at the Great Exhibition of 1851 — ^is one of great 
simplicity and beauty. The pinion, which is bored so as to 
fit loosely upon the shaft (h), is deeply countersunk on 
both sides, and is placed loose against a conical shoulder 
fixed upon the shaft. The conical face of this shoulder fits 
into the countersunk pinion on one side, and the face of a 
loose conical collar fits into it on the other. On drawing 
these two cones together, therefore, by means of a nut work- 
ing on the screwed end of the shaft (h), the pinion becomes 
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firmly gripped, and is compelled to revolve with it ; whilst 
on slackening the nut (which appears in front of the rest in 
Fig. 147), it is instantly released. 

A precisely similar arrangement is adopted for throwing 
in or out of gear the pinion (l), by which this rest can be 
made self-acting for ' surfacing ' This pinion receives its 
action from the spur-wheel (k), which is keyed upon the 
shaft (h) just behind the worm-wheel (g). When clipped 
between its cones, it drives the cross-slide screw (m) either 
backwards or forwards according to the position of the 
rocking-frame upon the end standard of the lathe, as, it may 
be remembered, was pointed out when we were describing, 
with the assistance of Fig. 144, the means by which the back 
shaft itself is driven. But, in the present case, the pinion is 
at the back of the lathe ; and since it would be highly in- 
convenient to have the nut there also, the cross-slide screw 
is made hollow, and a rod, attached to the hinder cone, is 
passed through it to a T-handle (n) in front The nut at the 
end of the shaft (h) was till lately provided with a similar 
handle, but a hexagonal nut, which can be readily turned 
with a spanner, has been found to be more convenient. 

In turning up a long shaft or any similar piece of work of 
which the diameter is insufficient to give the necessary 
rigidity, a back-stay is frequently attached to the saddle, so 
that it accompanies the slide-rest in its traverse, and is always 
favourably placed for giving the requisite support. The T 
grooves marked s are for the purpose of enabling this to be 
bolted down to the saddle. 

In the Duplex lathe by Sir Joseph Whitworth, of which 
we have given an engraving on a former page (Fig. 143), the 
principle of making the whole of the upper part of the slide- 
rest in duplicate is adopted. The two ends of the cross- 
slide then have their threads running in opposite directions 
—one being right-handed and the other left-handed — so that 
the two tool-holders advance towards the axis of the work 
or retreat from it simultaneously. It is of course necessary 
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to reverse the position of the tool or tools at the back of the 
lathe ; in these, as in other slide-rests, two being frequently 
fixed in each tool-holder, of which one gives a roughing and 
the other a finishing cut. The great saving of time and 
labour which has resulted from the mtroduction of the 
* Duplex' system, has led to its almost exclusive adoption at 
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Fig. X5a— Slide-rest Tools for Power Lathes, 



the works of the inventor. The fact of the strains upon the 
work being balanced when its two opposite sides are attacked 
equally, is undoubtedly much in its favour. 

A few slide-rest tools of the ordinary types which are used 
for turning in power-lathes are represented in Fig. 150, but 
they are of course liable to much variation to enable them 
to meet the requirements of special cases. Commencing 
with the uppermost or the left-hand side of the figure, they 
are called respectively a hook -tool, a parting-tool, a knife- 
tool, a right-hand side-tool, an internal tool, and a left-hand 
side-tool ', and they sufficiently explain themselves. Their 
shanks are one inch square in each case. 

In the application of slide-rest tools with loose cutters 
to power-lathes, some progress has lately been made by Mr. 
Ford Smith, of Manchester. The form of tool which he 
recommends instead of the hook-tool above shown — with 
which the bulk of the work is ordinarily done — is given in 
Fig. 151. Its chief advantage over those of which engrav- 
ings have already been given (in Fig. 131), is, that the loose 
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cutter, as seen in plan, is inclined to the centre line of the 
shank at an angle of 45° — a position which is more favour- 
able to it for ordinary traversing or 
surtacing, whilst at the same time it 
enables the tool to be used in lieu of 
a side-tool when required. Mr. Smith 
has found that in general — that is to 
say, when the depth of the cut does 
not exceed half the diameter of the 
cutter— steel of circular section is to 
be preferred for it, the surface of the 
work being left smoother than when^JG. 
an angular tool is employed; but for 
very deep cuts he adopts an oval section. 
iise of templates, both to ensure the cutting e<^e being placed 
on a level with the axis of the mandril, and to maintain the 




He also makes 




proper angles in grinding the cutters ; these angles being for 
wrought iron 50°, and for cast iron and brass 60°. The 
holder is made so as to give the face of the cutter an 
inclination of 3° from the perpendicular. 
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Of the Chucks by which the various articles which have 
to be treated in power-lathes are attached to them, one or 
two examples may have been noticed in our engravings of 
the lathes themselves. In the Break-lathe (Fig. 145), a 
ponderous Face-plate serves for this purpose, and it may be 
supplemented when necessary by a * Driver ' or by an Angle 
chuck (which is an L-shaped casting, planed and slotted) ; 
but this, unlike the generality of chucks, is attached per- 
manently, so that it may be considered to form part of the 
lathe itself. Moveable face-plates (one of which is repre- 
sented above in Fig. 153) are of much smaller dimensions. 
Fcir heavy work they are used more than any other kind of 
chuck, since a large proportion of the articles which have to 
be attached to the mandril admits of either being bolted 
directly down to the face-plate or of being held upon it by 
means of clamps — one form of which is shown to a large 
scale in Fig. 152. 

The Four-jaw chuck^ of which a representation is also 
given (Fig. 153), may likewise be recognised as having 
appeared in a previous engraving (Fig. 146). Its use is 
sufficiently obvious — the jaws being separately tightened up 
by means of a box spanner till the work is held concen- 
trically between them. 

Similarly the Bell-chuck^ which completes the assortment 
in Fig. 153, admits of any piece of work of smaller diameter 
being held firmly and true between the ends of the screws 
with which its sides are studded. 

Another chuck which is useful for holding articles of 
small width, although they may be of large diameter, pro- 
vided only they have a central hole of appropriate size, is 
the Cone Chuck (Fig. 154). The central pin, which is firmly 
fixed in the chuck, is passed through the hole in the work. 
The loose tonical ring is then slipped on, and the nut 
screwed down upon it till the work is secured. In this way 
the outer edge of the hole through the work is compelled to 
be concentric with the chuck. 
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A large number of articles, however, in power-lathes, as 
in foot-lathes, cannot be held by the mandril only, but 
require also the support of the back centre. ' Drivers and 
carriers ' by which work of this kind may be made to revolve 
in the lathe have aheady been mentioned, and engravings 
of them have been given {in Figs. J14 and 115) ; and these 
— altered only in respect of size — are used also in power- 
lathes. But for heavy work and for turning long shafts an 
improved driver, invented long ago by Mr. Clement, of 




Fig. ijs.— Clenwni'i Driver {jj. 



Lambeth, which is known as Clements Driver {Fig, 155), 
has been widely adopted. It differs from one form of the 
ordinary drivers in having two driving pins instead of one, 
and in having them fixed in an outer plate instead of in 
that which is attached to the nmndril. ' This outer plate 
is capable of sliding laterally for a short distance, thus ac- 
commodating itself to any inequality in the width of the 
opposite ends of the carrier ; by which means each of the 
pins is made to transmit an equal share of the driving power. 



204 Workshop Appliances. [Chap. 



CHAPTER VII. 

ON DRILLING AND BORING MACHINERY. 

In a previous chapter (Chapter III.) we noticed briefly 
some of the portable forms of apparatus with which holes of 
moderate diameter (up to about an inch) can be made in 
wrought iron and similar materials, by giving a slotir re- 
volving motion to a drill with two strong cutting edges. 
This, as we saw, is generally done either by a simple crank 
worked by hand, as in the smith's brace, or by converting 
the reciprocating motion of a lever into one of intermittent 
revolution, as in the numerous kinds of ratchet brace. In 
either case the process is of necessity a slow one, as the 
power available for overcoming the great resistance which 
the drill encounters is limited to that which can be applied 
by the arm of the workman. Consequently, although these 
appliances are most valuable for drilling the comparatively 
small number of holes which must be made during the 
erection of any iron structure, or for those which are required 
in §uch parts of a piece of work as are difficult of access, 
they are but seldom employed for workshop purposes, for 
which drilling machines of greater or less power are much 
superior in point of speed and accuracy of performance. 

The chief qualifications essential to a drilling machine 
which is to be used for miscellaneous work are as follows : 
First, it must be capable of being readily connected with the 
shafting by which the driving power is transmitted to the 
various parts of a workshop, and in such a manner that the 
speed of the drill can be varied ; secondly, it must be pro- 
vided with an efficient and variable * feed motion ; ' and, 
thirdly, it must have a perfectly firm * table' for the reception 
of small articles, which must offer as little obstruction as 
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possible to large ones. Stability and strength of framing are 
of course most important qualities for all machine tools, 
though they are not invariably to be found in the frames of 
drilling machines. 




Fic is6.— Sinile-Geared Dt 



Fig. i$6 shows a. Sin^G^araf Drilling Mac6itie,hy Messrs. 
Shepherd, Hill, & Co., of which the upper part is a good 
type of these machines in their simplest form, though the 
lower has some peculiarities, which we will notice directly. 
In all ordinary drilling machines the spintHe which holds the 
drill is placed vertically, so that a short horizontal shaft, coit- 
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nected with it by bevU-wheels, is necessary to enable it to be 
driven by a belt from any main line of shafting, or from a 
countershaft, these being invariably 
horizontal. The conical spud pulley, 
which, by being driven — ^as in the 
case of a power-iathe — &om a similar 
pulley with the cone reversed, -en- 
ables considerable variation of speed 
to be obtained, is sometimes placed 
within the framing, so as to bring it 
much closer to the bevil wheels, part 
of the framing bemg then above it ; 
but this arrangement, though some- 
what more compact m appearance, 
has the disadi antage of almost al- 
ways requinng the machme to be 
erected vertically under and parallel 
to the driving shaft, to enable the 
belt by which it is driven to run 
clear of the framing, 

lliis frammg, and also that of the 
/adial dnlhng machine,' which will 
be found a few pages farther on, 
should be noticed, being good ex 
,amples of the excellent system of 
casting them hollow and in one 
piece, which was introduced some 
twenty years ago. To turn out these 
complicated castings without defects, 
and of uniform thickness, requires 
no small amount of skill in the 
moulder's difficult art 

This machine is provided with a 
'screw-feed,' worked by hand, of 
which the general arrangement appears with great dis- 
tinctness in the above engraving; the effect of tiuiiing 
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the hand-wheel (h) being obviously to raise or lower the 
drill-spindle. But the construction of the several parts — 
which is not quite so simple as might at first be supposed- 
will b^ rendered more intelligible by the section (Fig. 157), 
in which the letters refer to the same parts as in the pre- 
ceding figure. The spindle (a), the lower end of which 
receives the drill, slides fireely through the elongated boss, or 
*pipe,' of the horizontal bevil-wheel (b). Inside this boss a 
feather, fitting loosely into a groove (g) upon the spindle, 
compels it to revolve with the bevil-wheel without, inter- 
fering with its independent vertical motion. But this ver- 
tical or * feed ' motion is controlled by the long screw (e), 
which is so connected with the upper end of the drill-spindle 
(a) as to be able to raise or lower it, either when at rest or 
when revolving, without itself sharing the revolution ; its 
tendency to do so being checked by a longitudinal groove 
and a feather (f) fixed within the framing. In order to 
raise the point of a drill fixed in the spindle (a), we have 
therefore merely to draw the screw (e) upwards by means of 
any convenient form of nut ; the most convenient in this 
case being a spur-wheel (d) with a female screw cut through 
its boss, which can then be worked by a pinion (p) and 
hand- wheel (h), within easy reach of the workman. But 
besides raising and lowering the drill, it is necessary to be 
able to put considerable downward or * feed * pressure upon 
it This can be done by merely continuing to turn the 
hand-wheel (to the right, the feeding screw being Meft- 
handed '), after the drill has been brought into contact with 
the work, the spur-wheel being prevented fi'om rising by a 
split collar (c), which fits into a horizontal groove on the 
outside of its boss, and is bolted down to the framing. 

The advantages which, as we have seen; result firom 
making power-lathes * self-acting' are almost equally great 
when the same principle is applied to drilling machines. 
With the screw-feeding arrangement above described, it i§ 
simply necessary to impart to the hand-wheel a coDtinuous 



308 



Workshop Appliames. 



slow motion, derived from some neighbouring moving part, 
to cause the drill to cut with perfect uniformity, instead of 
at one moment making little or no progress, and at the' next 
having its strength unduly taxed through the inconstant atten- 
tion of a workman. In the wall-drilHY\%. 158) the mode 
in which this is usually effected can be seen. Running 
loose upon the vertical shaft of the hand-wheel (h) is a 
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worm-wheel (w), which is constancy being driven by an 
endless screw fixed upon a light horizontal shaft (s) ; this 
shaft being connected with the horizontal driving-shaft by 
a short belt passing over a pair of small speed-pulleys. 
Keyed upon the vertical shaft is a ratchet-wheel (r), which 
can at any moment be made to revolve with the worra-wheel 
(w) by means of a pawl (p) carried by the latter on its upper 
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surface. On releasing the pawl, therefore, the drill can be 
raised or lowered by turning the hand-wheel (h); and on 
causing it to engage with the ratchet-wheel, the self-actmg 
feed is brought into play, its amount being capable of being 
regulated by shifting the strap on the speed-pulleys. 

But several other kinds of self-acting feed have been 
devised. One, invented by Sir J. Whitworth, is an expedient ■ 
of considerable elegance, which Fig. 159 will s 
plain. Upon the upper part of the 
drill-spindle — which in this case is in 
one piece throughout its length — a 
screw-thread of moderate coarseness is 
cut, the somewhat complicated joint 
between the screw and the spindle 
shown in Fig. 157 being thus rendered 
unnecessary. If a fixed nut were at- 
tached to the upper part of the framing, 
this screw would provide the drill with 
a self-acting feed ; but it would have to 
be always exacdy equal to the pitch 
of the screw, and could therefore never 
be altered. So, instead of letting it 
run through a fixed nut, it is made to 
pass between two worm-wheels, which, 
whenever the vertical motion of the 
spindle is arrested, themselves revolve 
in opposite directions. (One only of these worm-wheels can 
be seen in the engraving.) Their revolution, however, can 
be either wholly or paitially checked by turning a handle, 
which works a right- and left-handed screw, and so draws 
together two clips (cc). These chps embrace a pair of friction- 
wheels (f f), keyed upon the short shafts which carry the worm- 
wheels, one of the shafts also having upon it a hand-wheel, 
which is not shown in the figure. When the friction-wheels 
are so tightly clipped that they cannot revolve at all, they 
have the same effect as a fixed nut, and the feed is equal to 
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the pitch of the screw ; but for each diminution in the tight- 
ness of the clips the pressure upon the drill is reduced, and 
an increased motion is given to the worm- and friction- 
wheels. By loosening the clips and turning the hand-wheel, 
the drill-spindle (which is provided with a counterpoise to 
keep it from falling by its own weight) can be quickly raised 
or lowered. 

An ingenious but an invariable continuous feed motion, 
applied by Mr. Bodmer, of Manchester, is described by Pro- 
ifessor Goodeve in the volume of this series previously men- 
, tioned,^ and is represented in Fig. i6o. 

The drill-spindle — like the previous one — 
has a long thread cut upon the upper part 
of it, and screws into the boss of a spur- 
wheel, which thus forms a nut, which can 
itself be made to revolve. If both the 
spindle and the nut are driven at the same 
rate, the drill of course receives no feed 
motion. But by driving them in the direc- 
tion indicated by the arrow, and giving 
them slightly different speeds, the spindle 
is slowly and continuously unscrewed j the 
amount of its descent (or feed) during each 
revolution depending upon the excess of 
its speed over that of the nut. Thus if, 
during each turn of the spindle, the nut 
passes through only three-quarters of a revolution, the feed 
will be equal to a quarter of the pitch of the screw. 

Another kind of continuous feed, which is more exten- 
sively used for large drilling machines than suiy of the 
preceding ones, is on mudh the same principle as the rack- 
traversing motion in self-acting lathes. The drill-spindle is 
made in two parts, the lower, which carries the drill, being 
free to revolve independently of the upper, to which it is 
attached by a joint resembling that employed for connecting 

' Elements of MechanUm^ pp. 204, 205. 
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together the screw and the spindle in the screw feed machines. 
In the circular pillar drilling machine (Fig. 161), the gearing 
for this rack-feed^ as it is called, can be clearly seen, the 
teeth of the rack appearing on the right-hand side of the 
upper part of the drill-spindle. But in order to render this 
kind of feed self-acting, the driving speed must be reduced 
to a much greater extent than is necessary in the case of the 
screw-feed This is effected by introducing a second worm- 
wheel for communicating the motion to the pinion which 
gears into the rack, in addition to the lower one, which is 
placed above the hand- wheel. The latter receives its motion 
from the smaller pair of speed-pulleys, by which the rate of 
feed can be varied ; this portion of the arrangement exactly 
resembling that already shown in Fig. 158. 

In addition to the feeding apparatus of drilling machines, 
much ingenuity has been expended in devising convenient 
forms of support for the work upon which they have to ope- 
rate. One method — and the simplest one — is to extend the 
foot of the frame of the machine to a considerable dis- 
tance, so as to make it form a flat base^plate, T-grooves 
for the reception of the heads of holding-down bolts being 
cast in this plate, and its surface being planed, it forms a 
very efficient support for articles of moderate size of which 
the height does not exceed the distance between the point 
of the drill and the surface of the base-plate ; for when 
a fixed base-plate is immediately under the spindle in any 
drilling machine, it of course sets a rigid limit to the height 
of the work which can be admitted. An example of a base- 
plate will be found in the engraving of the radial drilling 
machine, Fig. 163. Being of large size, it is cast in a 
separate piece from the framing; and, owing to the hori- 
zontal movement of the drill-spindle, the height of the work 
is not in this case limited by it 

Nor is this limit in point of height the only disadvantage 
of a fixed base-plate. Being kept as low as possible for the 
reception of large articles, it becomes a. very inconvenient 
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supporter of small ones. For these a iabU^ adjustable as to 
height, is much better adapted. In its simplest form, it 
consists of a rectangular plate, planed and provided with 
T-grooves, which can be raised or lowered by a rack and 
pinion — ^the latter driven by a worm and worm-wheel, or in 
any other convenient way. But in this case the work must be 
perfectiy correctly placed as to its horizontal position before 
it is bolted down to the table ; and in drilling a series of 
holes, it must be set free, and be again adjusted for each one 
of the series. To obviate this. Sir J. Whitworth introduced his 
compound table — giving to the ordinary table a horizontall 
motion, on the principle of the slide-rest, in one direction, 
and, in addition, hanging it at a point near the vertical portion 
of the framing, so as to enable it to be swung horizontally in 
the other. The hinge also made it possible to swing the 
table entirely out of the way when the work was of sufficient 
height to be supported on a base-plate. 

Various modifications of this are now in use, under the 
name of swing tables^ the advantages of the arrangement for 
small work being universally recognised. For machines of 
comparatively small size, that shown in Fig. 156 leaves, 
perhaps, nothing to be desired. The table, which is cir- 
cular, and is free to revolve round its axis, is supported by 
an arm, which can itself revolve round the vertical pillar of 
the machine. By combining these two motions, every part of 
the table can be easily brought under the drill, so that any 
piece of work of moderate size fixed upon it (for which purpose 
it has a series of slots, like the face-plate of a lathe) need 
not be unfastened till all the vertical holes which have to be 
drilled in it have been completed. In this case no vertical 
adjustment is pro\'ided, the table being placed at a con- 
venient height for holding moderately small articles, and 
both tableland arm being swung completely out of the way 
of any large ones. There being no base-plate, there is no 
particular limit to the height of the work which can be 
operated upon, a pit being occasionally sunk at the foot of 
the machine for the reception of long pipes, &c. 
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In larger machines — for the tables of which a vertical 
adjustment is important — the following arrangement is some- 
times used, and it is an expedient of considerable ingenuity : — 
The pillar by which the table is carried is converted into a 
* circular rack/ by turning upon it a series of grooves. Into 
these grooves gears a pinion, just as it would gear into an 
ordinary rack — with this difference only, that whereas its 
teeth would engage with an ordinary rack only when the 
arm of the table in which it is fixed was on one side of the 
pillar, with the circular rack it can do so equally well on all 
' sides. This enables the table to be raised or lowered, whilst 
at the same time it is slewed round to any required extent — 
providing it, in fact, with an efficient vertical adjustment, 
without in any way interfering with the horizontal ones ju§t 
described. 

Another way of effecting this, which admits of a plain 
pillar being substituted for the circular rack above men- 
tioned, is shown in the circular pillar drilling machine^ 
Fig. 161. The arm on which the table is supported em- 
braces not only the pillar, but also an ordinary straight rack, 
which it carries round with it to any side of the pillar to 
which it may be swung. The worm and worm-wheel, which 
enable the height of the table to be adjusted by hand, may 
be clearly seen in the engraving. 

With reference to the methods of fixing work upon the 
tables or base-plates of drilling machines, the reader who is 
familiar with the use of the face-plate of the turning-lathe 
will at once recognise the object of the slots with which the 
circular tables in Figs. 156 and 161 are provided. Any 
article which has vertical bolt-holes, horizontal flanges, or 
which is itself of no great height, can be secured by passing 
either plain or hook-bolts through the slots in the table ; or 
clamps resembling those for the lathe face-plate (shown in 
Fig. 152) can be used when necessary. And upon rect- 
angular tables or base-plates pieces of work can be secured 
on a similar manner, by means of their T grooves, into any 
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part of which holding-down bolts can be inserted. But in 
most cases the weight of the work is sufficient to steady it,, 
and to prevent its revolving with the drill ; and if it manifests 
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any disposition to mov?, the workman is generally able to 
steady it with his hand, so that it is unnecessary to secure it 
with bolts or otherwise. Large plates, &a, which cannot 
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rest wholly upon the table requ re of course extraneous 
support but the shortness of the time occup ed in drill ng 
anj moderate sized hole generally makes t preferable to 
hold them by hand rather than to hare recourse to any 
median cal means of fix ng them 

For steady ng smiU p eces espec ally such as have not a 
firm has s of the r own — as for instance m dnlling a hole 
transversely to the axis of any cylmdncal work of small 
d ameter — a e-chtuk 1 ke F g 1 62 s a conven ent add t on 
to a dnllmg machine. The engra ng suflic endy expla ns 
It — the slots n the base bemg for the purpose of boltmg it 




down to the table and he lever {whch s moveable) for 
open ng or clos ng up the aws b eans of the nternal 
sere V The cent es upon wh ch the jaws are h nged should 
however be not ced, as the r pos tion well abo e the po nt 
at which each jaw tninsm ts its pressure to the vork con 
duces much to the stead ness of any art cle w thin its 
grasp 

For hold ng articles whose form precludes the r be ng 
bolted dovkn upon a hon ontal surtace but wh ch can be 
attached to a vertical one ajo. an le hu k s generally sup- 
phed w th vertical dnil ng mach nes It cons s s 1 ke the 
lathe chuck of the same name of a short bar of L or angle 
iron planed on ts outer faces Both ts honzontal and ts 
vertiral portions contain slots for the reception of bolts, — in 
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the one case for fixing the chuck to the table or base-plate 
of the machine, and, in the other, for attaching the iVork to 
the chuck. 

• 

When a drilling machine is required for operating upon 
large pieces of work only, a wall-drill — of one example of 
which an engraving has already been given (Fig. 158), and 
in which both base-plate and table are dispensed with — is 
perhaps the most convenient form of all. Its framing is then 
so made that it can be fixed to the wall of the workshop, and 
the, whole of it is kept above the drill, so as to be quite 
clear of any work placed underneath it. Moreover, by turn- 
ing an arch in the wall, and fixing the machine at its crown, 
the clear space below the framing can be still farther extended, 
so that a boiler or any other large object can be operated 
upon with perfect facility. 

* Double gearing ' has been so fully described in connec- 
tion with the lathe, that it is unnecessary to do more than 
to refer to it here. Both its object — ^tliat of obtaining greatly 
increased power by a corresponding sacrifice of speed — ^and 
the gearing by which this is effected, are in general perfectly 
similar, whether the work is to be performed in a power- 
lathe or in a drilling machine. The latter, when intended 
for drilling holes of more than about two inches in diameter, 
should always be provided with it 

One other variety of vertical drilling machine should not 
be passed over, inasmuch as it affords facilities for drilling 
vertical holes in large or ponderous articles by adopting the 
principle of adjusting the drill over the work instead of 
arranging the work under the drill. In this respect the 
radial drilling machine (Fig. 163) differs materially from the 
machines for drilling which we have thus far been con- 
sidering. The way in which this power of adjustment is 
obtained — ^as will be understood from the engraving — con- 
sists in supporting the drill- spindle, together with the gear- 
ing for driving and feeding it, upon a slide or carriage which 
can travel horizontally along a radial arm, the aim itself 
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beii^ Twoveabfe about a vertical hinge near its point of junc- 
tion with the fixed pillar of the framing. By combining the 
travel of the slide with the circular motion of the arm, the drill 
can be brought not only over any part of the base-plate of 
the machine, but even to a considerable distance beyond its 
limits on either side. The height of the arm can aJso be 




Fig. 163,— Radial Drilling MadiiDS. 

adjusted, it being for that purpose hinged to a long vertical 
slide, instead of directly to the framing. 

But these advantages are not obtained without con- 
siderable sacrifice of simplicity in the working parts, as must 
be evident when we consider that the driving power has 
to be transmitted first to the radial arm, whose height and 
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direction are variable, and from it to the drill-spindle, of 
which the position and height are also variable. Means 
must be provided too for raising or lowering the arm, and 
for regulating the traverse bf its slide, without interfering 
with the self-acting feed-motion of the driil-spindle. The 
manner in which these requirements are satisfied will pro- 
bably be self-evident on studying the figure, in which the 
reader who has accompanied us thus far in the subject of 
drilling machinery will not find much difficulty in tracing 
out for himself the course of the power from the driving- 
pulleys to the drill, nor in understanding what may be called 
the subsidiary parts — ^for feeding, adjusting, &c. 

One fact should be borne in mind, fey it greatly simplifies 
this tacsk, not only in machines of comparatively few parts^ 
like the present one, but in most others, however com- 
plicated they may at first sight appear. It is this : that in 
all properly designed machinery the strength of the working 
parts is proportioned to the strains they have to bear ; so 
that by observing their strength 'a good idea may be 
obtained as to the amount of power they are intended to 
transmit. Toothed wheels, shafts, &c., will thus be foimd 
to a great extent to tell their own story, the thickness of 
the teeth of the former and the breadth of their faces, and 
the diameter and length of the bearings of the latter, being 
frequently most valuable guides in assigning to each their 
respective duties. Examining, for instance, in this wa^ the 
various working parts of Fig. 163 — keeping in mind of course 
the main object of the machine, which is in this case to 
convey the power from the driving-pulleys to the drill- 
spindle without any great alteration of speed (except through 
the agency of the double gearing)— ^a single glance assures 
us that the horizontal shaft running along the radial arin, 
and also the vertical shaft between the trunnions on which 
the arm is hinged, are for the purpose of transmitting this 
power, since they, and also the driU-spindle, are approxi- 
mately of the same diameter. An inspection of the gearing 
by which they are connected confirms this impression. 
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The vertical shaft is driven from the double-geared pulleys 
by a pair of strong bevil-wheels — ^which are clearly seen near 
the centre of the hinge of the radial arm — the rise and fall 
pf the arm being provided for by grooving the vertical shaft. 
and fixing a feather in the boss of its bevil-wheel, this wheel 
being supported by a bracket projecting from the fixed part 
of the framing. Similar bevil-wheels connect the vertical 
with the horizontal shaft (one of these is partly seen in the 
figure just below the upper trunnion of the radial arm), 
which also is grooved throughout its length on account of 
the traverse of the slide, a pinion in this case at the back of 
the sHde being carried with it to any part of the arm to which 
it may be moved, and a feather in the boss of the pinion 
remaining constantly in the groove of the shaft, so as to 
receive its motion. This pinion cannot be seen in the 
engraving, but the spur-wheel in front of the slide which 
gears into it shows us at once by the width of its face (which 
is almost equal to that of the spur-wheels of the double 
gearing) that it transmits the driving power to the drill, and 
has nothing to- do with its adjustment or feed. One other 
pair of bevil-wheels gives revolution to the drill-spindle — 
wAich of the two pair with which it is furnished the reader 
will have no hesitation in determining for himself on the 
principles above recommended. The others convey the 
minute proportion of the driving power which is required to 
make the feed self-acting; a pair of small conical pulleys 
at the back of the radial arm giving the requisite control 
over its speed. These, however, and the * rack-feed' gene- 
rally, have already been noticed ; so we will here only call 
attention to the smallness of the diameter of the vertical 
shaft, which performs the very light duty of connecting the 
lower worm-wheel with the upper worm. Still one other 
pair of bevil-wheels remains, namely, those in front of the 
standard of the framing. They are for the purpose of raising 
or lowering the radial arm, together with the slide, gearing, 
4c., which it carries; the combined weight of which renders 
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it necessary to give considencble strength to the teeth of the 
wheels by which this is effected. So that in this case there 
may at first sight be some doubt as to their use, although a 
small amount of consideration (with which the application of 
what has been said above must always be accompanied) 
soon points out the necessity for their somewhat exceptional 
strength. In this adjustment a hand-wheel, worm, and worm- 
wheel are sometimes substituted for the bevil-wheels and 
pulley shown in the engraving, the circular motion being in 
each case converted into a vertical one by means of a pinion 
gearing into a rack which is fixed to the slide upon which 
the radial arm is hinged. 

The bases of radial drilling machines are occasionally made 
of sufficient height to enable their vertical sides to be utilised 
in holding articles which can be more conveniently affixed 
to a vertical than to a horizontal surface. When this is the 
case the base assumes the form of a large rectangular box, 
with horizontal T-grooves cast upon its sides and ends. 

The following particulars of the vertical drilling machines 
figured above will serve as a guide in stating the capabilities 
of others of the same kind. 

The single-geared machine (Fig. 156) is capable of drilling 
holes up to I ^ inch in diameter, to a depth of 10 inches, 
the distance of the centre of the hole from the edge of the 
work beiijg limited to one foot. 

The waJl-drill, of which an outline is given in Fig. 158, 
has, of coursie, no limit as to the position of the hole which 
it can drill, and being double-geared, its diameter can be as 
much as 6 inches, the travel of the drill-spindle, which de- 
termines its depth, being 14 inches. 

The powerful double-geared * circular pillar* machine 
(Fig. 161), can, like the preceding one, drill holes up to 
6 inches in diameter, their greatest distance from the edge 
of the work being 15 inches. It can admit articles 3 feet 6 
inches high. 

The radial drilling machine (Fig. 163) is also adapted for 
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drilling holes up to 6 inches in diameter, the travel of the 
spindle being 13 inches. Its arm has 18 inches of vertical 
adjustment, and can be swung round upon its axis through 
something more than a semicircle. The travel of the slide 
upon the arm enables the drill to be placed at any distance 
between 2 feet 6 inches and 6 feet from the centre of its 
trunnions. 

The ordinary form of drill which is used with these ma- 




Drill and I^o-Drilk. 



chines, together with two kinds of pin-drill, is represented 
in Fig, 164. One much resembling the first of these has 
already been given in connection with hand-drilling apparatus, 
but greater attention is naturally paid to the proportions of 
these tools when they are of large than when only of smalt 
size, and of these the present is a good example. The 
parallel portion above the cutting edge should be noticed, 
since, as already pointed out, it conduces much to the 
regularity and smoothness of the hole produced. The IHn- 
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Drills speak for themselves; the first, with three cutting 
edges, being used for such purposes as enlarging the ends of 
screw-holes, so as to admit the heads of * cheese-headed' 
screws, and being sometimes called a * recessing bitt' The 
second is a tool of a good and much used type, consisting 
of a loose steel cutter, held by a key in a bar of wrought 
iron or steel of appropriate length. When of any consi- 
derable size this is known as a * boring bar,* and it is then 
frequently used in some form of (generally horizontal) boring 
machine by which both its extremities can be supported, 
instead of in such drilling machines as we have been con- 
sidering. Into the construction of these we. cannot enter, 
but a brief description of a boring machine of much larger 
size, in which the feed motion is given to the cutter instead 
of to the bar itself, will be found a few pages farther on. 

But before quitting the subject of simple vertical drilling 
we must mention the so-called Multiple Drilling Machines, 
Whatever may have been the purpose for which they were 
originally devised, their first introduction on a large scale 
was due to Messrs. Cochrane of Dudley, who employed 
them in the manufacture of wrought-iron girders. For such 
purposes— in which it is necessary to drill very large num- 
bers of rivet-holes with the utmost possible rapidity, and to 
place the drills with such accuracy as to ensure perfect 
correspondence between the holes — they offer very great 
advantages. The end standards, with a portion of the hori- 
zontal girder by which the drill-spindles are carried in a 
machine of this kind made by Messrs. Collier of Manchester, 
by which upwards of forty holes can be drilled simultane- 
ously, is represented in Fig. 165. A section through the 
girder is also given to an enlarged scale. The standards 
are placed at a sufiicient distance apart to admit between 
them the longest plate which has to be operated upon, so 1 
that the lengdi of the machine varies according to the pup' 
pose for which it is intended. In any case a planed table 
for the support of the plate extends under the whole raage i 
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of the drills, hydraulic cylinders or other mechanical means 
being provided for slowly raising; this table, and thus bringing 
the work gradually up to the drills, instead of complicating 
the spindles by giving them any vertical feed motion One 





Fig. 165— Multiple Drilling Mafhint 
Pari Elevation and Seciion. 

hydraulic cylinder only appears in our 
engraving, the second, together with 
about three-fourths of thenumber of drilj- 
spinriles with which the machine is pro- 
vided, having been necessarily omitted. 
To enable the holes in the plate to be 
drilled at any required points, each 
spindle is supported in an independent 
frame, which can be lixed at any part 
of the girder by two ordinary screw- 
bolts, horizontal T^rooves being cast 
in the girder to receive their heads. The drills when arranged 
are driven simultaneously from a horizontal shaft running 
along the top of the girder, connection being established 
between them by an unusual and ingenious form of helical 
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gearing, which for such a case as this has considerable ad- 
vantages over ordinary bevil-wheels. It consists in placing 
on each drill-spindle, and also on the' driving shaft opposite 
to it, a short length of a many-threaded screw. These, which 
are precisely similar to one another, and in appearance re- 
semble small spur-wheels with inclined teeth, are capable of 
working together (by sliding instead of rolling contact) when 
their axes are at right angles to each other. Being of much 
smaller size than bevil-wheels of equal strength, they allow 
the spindles to be placed much closer together than would 
be possible if they were driven in the usual way with bevil- 
gearing. Indeed, by driving the alternate spindles from 
separate shafts placed one above the other, they can be so 
arranged as to drill holes of which the centres are only 2^ 
•inches apart. 

With none of the foregoing machines is it possible to 
drill holes of other than circular section, although for some 
purposes — ^such as in the expansion joints of iron structures, 
and possibly also for obtaining increased sectional area in 
rivetted plates generally — it is desirable to give them a more 
or less elongated section. With punching machines, as we 
shall see presently, holes of almost any required form can 
be produced, but for highly finished work they are inadmis- 
sible, and machines have, therefore, been devised with which 
elongated holes (see Fig. 162) can be drilled at a single opera- 
tion, the proportions between their length and widths being 
variable within very considerable limits. This process is 
known as Slot-Drilling, and one variety of machine by which 
it can be performed is shown in Fig. 166. It will be seen 
that the drill-spindle is mounted on a carriage which is 
supported by a horizontal slide, much in the same manner 
as in the; radial machine (Fig. 163). The carriage, however, 
instead of being adjusted once for all, as in that case, con- 
tinually receives a slow backward and forward motion along 
the slide to an extent which depends upon the amount by 
which the length of the hole is to exceed its width. This, 
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\rhich proceeds simultaneously with the rotation of the 
drill, produces a hole of the desired form, which may be 
carried either entirely or only partially through the work. 
In the engraving the 'cross-head' of a steam-engine is 




shown in position for having a cotter-hole drilled in this 
manner, the table on which it is supported being capable 
<^ being adjusted as to height, or being entirely removed, 
so that no vertical adjustment is required for the slide. The 
movement is given to the carriage by connecting it at the 
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back with a stud which projects from the face of a revolv- 
ing disc, the extent of the motion being determined by the 
distance from the centre of the disc at which the stud is 
fixed. In order to overcome the irregularity with which 
the carriage would move at the different parts of its traverse 
if the disc were to revolve at a uniform rate, the pinion by 
which it is driven is made eccentric and the disc itself ellip- 
tical ; by which arrangement the lateral movement of the 




carriage, and therefore of the drill which it supports, is 
rendered everywhere nearly iinifonn. 

For the combined horizontal and vertical cut thus ob- 
tained, the usual pointed drills cannot be employed. It 
has been found, indeed, that the best results ate obtained by 
using a tool from which the central part of the cutting edge 
has been entirely removed, so as to give it the form of the 
Forked DrillYO. the accompanying figure (Fig. 167). Or a 
similar instrument may be made by fixing two loose cutters 
diagonally (also shown in the figure) in a stem somewhat 
Jess in diameter than the width of the hole to be drilled. 
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But these, although rapid in their action, and therefore well 
adapted for performing the bulk of the work, must be 
followed by some kind of Finishing Drill whenever it is 
required that the surface be left smooth. Two examples 
of Rose Drills for this purpose are given in the figure, in 
one of which the cutter is formed in a separate piece 
from the stem, and can be detached from it. But square- 
ended drills, from which a minute portion of the edge at 
the centre only is removed, may also be employed for 
smoothing. The stems of slotting drills, whatever their 
form may be, and also the spindles which cany them, must 
possess much greater strength than is required for ordinary 
drilling, on account of the side strain to which they are 
subjected. 

' The machine engraved (Fig. 166),— made by Messrs. 
Sharp, Stewart, & Co. of Manchester, — is capable of taking in 
objects of any length, provided that the height does not 
exceed 3 feet, and slotted holes up to 13 inches by 4^ 
inches can be drilled in them to a depth of 11^ inches. 
Various other forms are also made, some of which are 
provided with duplicate spindles, tables, &c., so that two 
slotted holes or grooves can be drilled at the same time 
either in one or in two separate pieces of work. For the 
use of these machines is by no means confined to the drilling 
of holes for such purposes as we have mentioned. Key- 
beds and many similar recesses can be cut with them in 
positions upon ^hich other machine tools could not pos- 
sibly be brought to bear, and their performance is such that 
no after-treatment with the file or other tool is required. On 
a similar principle — the motion, however, being given to the 
work instead of the tools — an entire series of slotted holes 
could be easily drilled at once if required. 

In passing on now to Borings which implies the use of 
some description of Boring Bar, we may mention that one 
very simple method of performing the operation consists in 
fixing between the centres of a lathe a plain iron bar with 
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•one or more transverse slots in it. Into each slot either 
A single- or a double-ended cutter is keyed, the article to 
be bored, which must have previously had an opening made 
.completely through it of sufficient size to admit the bar — 
being attached to the saddle of the slide-rest, the movement 
of which along Jthe bed of the lathe feeds the work continu- 
ously up to the tool. And for accurate work — ^as, for instance, 
in boring out a cylinder for a steam-engine — it is important 
Cor the feed to be continuous, and for the cut to be carried 
through from end to end without stopping, whatever may be 
the particular means adopted for producing it. To obtain 
good results the diameter of the bar must be sufficient to 
enable it to support the cutter rigidly and at no great 
distance from its cutting edge. 

But for boring cylinders, &c., of large diameter there are 
obvious advantages in employing some form of boring bar 
which admits of the work being kept stationary and the feed- 
motion being given to the tool, especially if this is compatible 
with a reduction in the large size of the bar which would 
otherwise be required to provide the cutter with adequate 
support. Such an arrangement is shown in the following 
illustration (Fig. i68), but as the boring bar which there 
appears, and which constitutes the main part of the machine, 
may be Used with almost equal efficiency in an ordinaiy 
lathe, we will bestow our attention chiefly upon it without 
particularly regarding the worm and worm-wheel by which 
in this case it is driven ; which, indeed, explain themselves. 
The spur-wheels, however, on the left in the engraving form 
part of the mechanism of the bar, and must not be sup- 
posed to belong to the driving apparatus. 

At the centre of the bed in the figure (Fig. i68) is a 
locomotive engine cylinder placed in position for being 
bored, and on the point of entering it may be observed 
a block or boss upon the boring bar. In this — ^which is 
called the * cutter-block ' — the tools are fixed, instead of in 
the bar itself; four or more slots being provided for their 
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reception, together with the keys or cotters by which they 
are made fast The cutter-block is capable of sliding along 
the whole length of the bar, so that all that is required for 
giving a feed-motion to the cutter is to render its move- 
ment in this direction sufficiently slow and uniform, which 
is always done by connecting it with a horizontal screw con- 
tained in a recess within the boring bar. But for driving 
this screw several different methods have been adopted. As 
shown in the engraving, the screw is fixed concentrically 
within the bar, and at one end is carried beyond it and 
through the centre of a spur-wheel (a) which is keyed upon 
the bar. Upon the end of the screw a second spur-wheel (d) 
is fixed, its diameter being greater than that of the first by an 
amount which depends upon the speed which is to be given 
to the screw. Into these gear two wheels (b and c), of which 
the diameters differ to the same extent as those of a and d. 
Since b and c are so connected that one cannot rotate with- 
»out the other, their effect, when the bar is in motion, is to 
^oblige p to revolve slightly more slowly than a, thus impart- 
ing to the screw to which d is attached a slow revolution, 
'independent of that of the bar. Different rates of speed 
jnay be obtained by substituting differently proportioned 
wheels for c and d. 

Another form of this arrangement, which enables the 
!screw to be placed near the outside of the boring bar instead 
of its centre, will be found in Professor Goodeve's work,* 
together with another — different and somewhat simpler — 
method of obtaining the same motion. The machine en- 
^^aved is made by Messrs. Fairbaim, Kennedy & Co., of 
Leeds. 

In connection with the present subject we will give, before 
•closing the chapter, one other example of boring apparatus, 
viz. that employed in the Royal Gun Factories at Woolwich 
for taking a minute final cut fi^om the bore of heavy ordnance 
rifled on the system of Sir W. Armstrong. It is of course a 

' Elements of Mechanism^ p. 206. 
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tool of special application, but it is one which may be of 
very great value in suggesting arrangements for obtaining an 
equally high degree of accuracy in other cases. The boring 
bar for this purpose is not provided with a sliding block 
like those which we have just been noticing, but is held, at 
one extremity only, in an ordinary lathe, the gun being 
attached to the saddle of the slide-rest and fed up to the 
cutters in the manner already alluded to. The opposite or 
working end of the bar, which is represented in Fig. 169, is 
enlarged to receive the cutters. These are six in number, 
and are firmly screwed to it in the positions indicated by the 
letters a a a, being carefully adjusted as to distance from 
the axis of the bar by packing them at the back with very 
thm paper. As may be observed, they are arranged' m two 
sets of three each, of which the first set performs almost the 
whole of the work — the second being chiefly added as a 
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Fig. 169. — Bar for Boring Guns. 



safeguard against error in the size of the bore on account of 
wear ©f the cutting edges, which takes place to a small but 
an appreciable extent in the course of even a single boring. 
Following the cutters is a series of six guide-bars (b b b), 
arranged spirally, which are made exactly to fit the bore. 
Provided that the length of these is sufficient, and their fit 
perfect, it is evident that the cutters cannot advance except 
in a straight line ; so that in order to ensure the direction of 
the bore being correct throughout, it is only necessary for it 
to be correctly started. Moreover, the true circular form is 
effectually secured to it by the spiral arrangement of the 
guiding surfaces, which prevents its having any tendency to 
become polygonal, whilst the number of cutters in each set is 
that which is best adapted for ensuring steadiness in working. 
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CHAPTER VIII. 

ON PLANING, SHAPING, AND SLOTTING MACHINERY. 

Allusion has already been made to the important part 
which the * slide principle * has played in bringing Machine- 
tools up to their present condition of size and power, and 
the reader who has glanced with us at the enormously in- 
creased efficiency of the lathe which has resulted from the 
introduction of the slide-rest will not require additional con- 
firmation of the fact. But neither Ikthes nor drilling ma- 
chkies, at least in their simple forms, are dependent upon 
this principle to the same extent as is the class of tool? 
which we have now to consider. Planing Machines, indeed, 
which in importance to the mechanic stand scarcely second 
to power lathes, could hardly have come into existence 
at all if the advantages to be derived from the use of truly 
plane sliding surfaces had remained unrecognised ; at least, 
if they had, their mode of action must have been so entirely 
different from that in which all the varieties of those used 
for planing metal are made to operate at the present day, 
that it is difficult to conceive how they could have had a 
similar beneficial influence upon the practice of the work- 
shop. 

The modem Planing Machine is essentially a copying 
machine. It reduces a surface to flatness, or to a close 
approximation to flatness, by making upon it a series of 
parallel cuts with a tool which is generally more of less 
pointed. Each of these cuts is, as to direction, an exact copy 
of the movement of that portion of the machine by whidi 
the work is supported, or in other words, of the slide which 
determines the nature of this movement; whilst the line in 
which each. fresh cut follows the previous one is also a copy 
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— in this case of the slide along which the tool receives its 
feed motion. If both of these movements take place in 
straight lines— as they must whenever they result from the 
sliding of plane surfaces upon one another — every portion of 
the work upon which the extremity of the tool has been 
made to act lies in one and the same plane surface ; but if 
either the one or the other of them be made to follow a 
ciicular path, it is evident that instead of a truly flat surface 
we shall obtain a curved one with equal accuracy. We shall 
see in the course of the present chapter that this latter 
combination of movements, as well as the former, is turned 
to useful account in mechanical workshops. 
. A good example of an ordinary Planing Machine is given 
in Fig. 170. It 'consists essentially of a sliding table for 
supporting and giving a reciprocating motion to the work, 
together with suitable arrangements for fixing one or more 
planing tools above it and for providing them with an 
intermittent feed- 
First let us examine the construction of the table, and the 
means adopted for imparting to it the necessary motion 
along the bed. The two parallel beams or cheeks which 
form this bed, giving it some resemblance to a lathe bed, 
have upon their upper surfaces V-shaped grooves, made ac- 
curately parallel throughout the entire length of the machine, 
and truly plane as regards their sides. Corresponding projec- 
tions, which are cast on the under side of the table and are 
also carefully worked up to a true surface, serve to convert 
the bed and the table together into a gigantic slide, no other 
security besides the weight of the latter being necessary to 
keep it from leaving the grooves. The table, however, must 
not only be enabled, it must be compelled to slid.e backwards 
and forwards along the bed, and that both with sufficient 
force to cause the tool to take a cut from the surface of the 
work, and to a sufficiently variable distance for its motion al- 
ways to correspond with the length of the portion which has 
to be planed. The usual method of effecting this is to cast a 
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rack in the centre of the table on its under side, a pinion (of 
wrought iron) which gears into this being driven — through a 
train of wheels capable of sufficiently reducing the speed — by a 
belt and pulley in the ordinary way. Were it not for the neces- 
sity of constantly reversing the motion all would be simple 
enough, but after each cut has been made the table must be 
brought back to the position from whence it started, and 
since the tool cannot act when the work is moving away from 
its edge, it becomes an object to spend as little time as 
possible over the return stroke. 
This has led to the introduction of various methods of ob- 
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twining a quick return, one of which will be intelligible from 
the accompanying diagram (Fig. 171), which -shows the 
general arrangement of the wheels in the planing machine 
represented above. Their duties are threefold : First, to 
effect a sufficient reduction in the speed of the shafting from 
which the machine is driven ; secondly, to convert the 
rotary motion thus reduced in speed into a forward horizontal 
one (the table as it appears in the figure being thus moved 
from left to right) ; and thirdly, to produce a similar back- 
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ward movement at a less reduced speed. For the second of 
these — namely, the conversion of the circular into a rectilinear 
motion — the rack below the table, which has been already 
mentioned, provides. A short length of this is shown at r in 
the figure, the wrought iron pinion and the large spur-wheel, 
of which the upper portion can be seen in the general view 
of the machine, being represented by p and s respectively. 
Of the three pulleys and the remaining toothed wheels, those 
by which the forward stroke is given are marked a, and 
those for the return stroke b ; the increased number of wheels 
in the former of these trains being, for the purpose of suf- 
ficiently reducing the speed, which, as already pointed out, 
would be a positive disadvantage for the latter. The central 
pulley is * idle,' that is to say, it runs loose upon the shaft, as 
also does the * return ' pulley which is marked b, but this 
last is inseparably connected with the pinion b. In order, 
therefore, to drive the table alternately backwards and for- 
wards at these different speeds, it is only necessary to shift 
the strap from one of the outside pulleys to the other at 
proper intervals, the idle pulley between them allowing a 
short period of rest between the two motions. This can be 
done by merely moving to one side or the other the lever 
which projects from the bed near the centre of the machine, 
but by a simple arrangement, to the consideration of which 
we will now pass on, the table itself is made to change the 
position of the strap when it comes to the end of its traverse, 
whatever the length of that traverse may be. 

Projecting from the bed of the machine near the lever 
just mentioned \:ko short curved arms may be perceived, of 
which the resemblance to a pair of horns has gained for them 
that appellation. They also appear in the diagram (Fig. 173), 
where they are marked h h', in which the portion of the 
figure which lies to the left of them, taken in connection 
with the plan of the strap- shifting arrangement shown 
above it, will serve to explain their action with but little 
verbal description. It should be noticed, however, that the 
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horns H h' are not in one and the same vertical plane, h' 
being placed in front of H by the amount of its own thick- 
ness. By providing the table, therefore, with two adjustable 
stops^ one in the plane of each of the horns, and setting 
these at proper distances apart for reversing the motion at 
any required point, the short shaft to which the horns are 
attached is turned to a small extent alternately to one side 
and to the other, thereby moving the lever l, the sliding bar 
G, and the fork f, between the fingers of which the strap 
passes to the pulley. One only of the stops appears in either the 
perspective view or the diagram. In the latter it is marked j. 

A planing machine, however, is required to be self- 
acting with regard to the feed of the tool as well as in 
respect of its own traversing motion, and since the itxid 
must be intermittent this too can be conveniently derived 
from the movement of the horns by which the shifting of 
the strap is accomplished. But before turning oiu: attention 
to the arrangement by which the feed is made self-acting, 
we must examine in some detail the construction of the 
apparatus by which the tool is supported. 

A Tool-holder or tool-box, as it is sometimes called, is 
represented in Fig. 172. The cross-slide which carries 
it can be seen distinctly in the general view of the 
machine (Fig. 170), in which also should be noticed the 
bevil gearing at the top of the side standards, by which 
the cross-slide itself can be raised or lowered. The 
screws within the standards, upon the upper extremities of 
which one of each pair of these bevil-wheels is fixed, thus 
form a rough adjustment for the height of the tool. But for 
finally adjusting it, and for giving also a vertical feed to it 
when required, the tool-holder is furnished with a slide, the 
two halves of which are marked u and v in the engraving. 
By turning the hand-wheel which is keyed upon the top of 
the vertical screw, v can be raised or lowered. The tool, 
however, is not attached directly to the moving half of the 
slide V. It is often desirable to incline it to a small extent 
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either to one side or the other, for which purpose v has 
affixed to it a slewing-plate w, which is capable of being set 
to the required inclination, and being retained in that position 
by a bolt passing through a slotted hole in the upper portion 
of it But even to these the tool is not directly attached. 
For it is found to be highly injurious to the cutting edge to 
keep it in contact with the work during the return stroke— an 
evil which is perfectly reme- 
died by hinging the front 
plate (x), instead of connect- 
ing it rigidly with the slide. 
By this, therefore, the tool is 
carried- 

In addition to slewing the 
tool by means of the plate w, 
it is sometimes important to 
be able to give it an inclined 
or ' angular ' feed instead of a 
vertical one. This is provided 
for by making the hinder por- 
tion of the slide (u) moveable 
laterally about a point some- 
what below its centre, the bolts 
by which it is attached to the 
saddle T having the heads constantly in some part of a 
circular T-groove, so that U, and with it the entire front 
portion of the tool-holder, can be clamped by them at any 
desired inclination, the angle being indicated by graduations 
on the face of the saddle. 

Let us now see ho^v the feed motion can be given, 
whether this slide be set vertically or inclined. In F^. 170 
two light shafts may be observed running from end to end of 
the cross-slide, and passing behind the saddle of the tool- 
holder. One of them (the lower one) has a screw-thread cut 
upon it, by which it drives the tool-box horizontally along 
the cross-slide in the ordinary way. But it is the. other 
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shaft which communicates, motion to the parts which we 
have just been examining, and this has no screw-thread, 
but merely a longitudinal groove. Upon it is a small bevil- 
wheel with a feather in its boss, which by this means is 
made always to revolve with the shaft, although it can travel 
freely with the saddle to any part of the cross-slide. Gear- 
ing into it is a second bevil-wheel, and attached to this is a 
third, the horizontal axis upon which these last jointly re- 
volve coinciding with that about which the front portion of 
the tool-box can be adjusted. One other bevil-wheel upon 
the lower end of the vertical screw establishes the connec- 
tion between this and the grooved shaft, the screw of 
course moving the slide equally whether it receives its own 
motion through the hand-wheel at its upper, or through the 
bevil-wheel at its lower extremity. The arrangement may 
seem to be complicated, but it appears to be the simplest 
which can be used for transmitting the motion between 
two shafts, of which the axes are in different planes, and 
which have also a variable inclination to one another. It 
enables either a vertical or an inclined (or * angular ') feed to 
be given to the tool with equal facility. 

It now only remains for us to trace the motion to the 
shafts within the cross-slide, and to observe how its amount 
can be regulated so as to vary the feed of the tool. And by 
merely increasing the number of the parts the same arrange- 
ment can be made to serve when two tool-holders are 
attached to the cross-slide, which is generally the case in the 
larger sizes of planing machines. Two screwed shafts and 
two with grooves are then placed within the cross-slide, 
either pair being capable of being simultaneously set in 
action, so that feed motions, similar both in amount and in 
direction, can be imparted to both the tools. In the por- 
tion of the cross- slide which appears in Fig. 172, this 
duplicate set of shafts may be observed, the machine to 
which it was attached having been provided with two tool- 
holders, although — ^in order to avoid complication — we have 
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selected for the general view (Fig. 170) a smaller machine 
which has but one. 

In the diagram, Fig. 173, is the side view of a cross-slide 
with a single tool-holder, of which the various parts are indi- 
cated by the same letters as in the perspective view already 
given (Fig. 172). The ends of the horizontal screw and 
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grooved shaft appear at m and n respectively, and it is to 
one or the other of these that it is required to impart a small 
amount of rotation (in either direction) which must be 
capable of sufficient variation to make the feed of the tool 
either heavy or light For this purpose a small spur-wheel 
(q) is made to ride, loose upon a short fixed spindle, which 
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is equidistant from the shafts m and n, to either of which it 
can be made to transfer any motion which it receives by 
simply sHpping a pinion over the end of the one which is to 
be driven by it In the diagram, the pinion is supposed to 
be represented by the dotted circle round the end gf the 
screwed shaft m, so that the result of communicating motion 
to the wheel q would be to move the tool horizontally. 
And the manner in which the movement of the horns h h' 
effects this is sufficiently obvious. The spindle which 
carries the spur-wheel Q, also has upon it a bell-crank lever, 
to one arm of which a pawl is attached. When this pawl is 
turned over, so that it rests upon the teeth of Q on one side 
of the arm or on the other, whatever rocking motion the 
lever receives serves to give an intermittent revolution in a 
corresponding direction to the spur-wheel Q. And this rock, 
ing motion is derived from the horns through a connecting- 
rod attached to the vertical rod k, at the foot of which is a 
second cranked lever. This lever — as well as the former 
one — has one of its arms slotted ; by which means the 
amount of motion received, in the first place by the rod k, 
and secondly by the wheel q, can be readily and accurately 
adjusted. 

Having now a tolerably clear insight into the arrangement 
of the various parts in such a Planing Machine as is repre- 
sented in Fig. 170, the reader who has the opportunity of 
examining for himself others of different construction will 
probably be easily able to understand their mode of action. 
But for his further assistance, and also for the information of 
those who have not that advantage, we will here briefly 
notice one or two of the more important of the other 
mechanical expedients which are to be met with in tools of 
this kind. 

One of these — ^which, although the particular machine 
given in the above engraving is not provided with it, may be 
found in those of larger size by the same makers — is the 
stepped rack. In appearance, it exactly resembles an 

R 
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ordinary rack cut in the direction of its lengdi into two or 
more equal parts, the teeth of each part being set out of line 
with each other — as shown in the annexed cut (Fig. 174) 
— to the extent of one half their pitch if the rack 
be divided into two pans — to one-third if into 
three, aad so on. The pinion is, of course, 
made in a similar manner — the effect of the ar- 
rangement being to cause the teeth to work to- 
gether with all the smoothness which would be 
obtained by pitching them two or three 
times as finely, without sacrificing the strength 
due to the coarser pitch. The latter, we may 
SieppedRiKk mention, is frequently severely tried, on ac- 
count of the great weight of the table and the 
work carried by it in some of the larger planing machines. 

But a rack is not the only method employed for convert- 
ing the circular motion delivered to a machine of this kind 
into the intermittent one required for its table. An endless 
chain driven by rag-wheels has been used for the purpose, 
but has long been abandoned ; and in the tnachines made at 
the present day by Sir Joseph Whitworth and Co., the same 
end is gained — in what is considered by some engineers to 
be a superior manner — by placing a powerful horizontal 
screw within the bed, the direction of its revolution being 
reversed at proper intervals for giving any desired length of 
traverse. The arrangement of the reversing gear will be 
evident from Fig. 175, in which, as in that already shown in 
Fig, 171, the motion of the table is either backwards or 
forwards, according as one or other of the outside ones of a 
set of three pulleys is driven by the strap^that in the centre 
being, as before, an idle pulley. The screw passes through a 
nut attached to the under side of the table, and has upon its 
extremity a bevil-wheel of sufficient size to reduce the speed 
of the pulleys to that required for driving the screw. Upon 
the opposite sides of this wheel two bevilled pinions gear 
into it, one of which is connected with one, and the other 
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with the other of the two outside pulleys, by casting one 
pulley with its pinion upon a short hollow spindle, and pass- 
ing through it the shaft to which the other pinion and pulley 
are keyed ; — their arrangement being in this respect precisely 
similar to that of the pinions and the pulleys marked a and 
B in Fig. 171, But it is evident that although, by merely 
shifting the strap, the screw can then be driven alternately 
backwards and forwards, its speed is the same in either case, 
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SO that as much time is occupied in the return as in the 
forward movement Thris Sir Joseph Whitworth has turned 
to account by the simple method of reversing the tool at the 
end of each stroke, thereby enabling it to cut during the 
whole time that the table is in motion without regard to the 
direction in which it is going. 

But whilst we are on the subject of driving and reversing 
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the table of planing machines^ an ingenious modifica- 
tion of the above gearing should be mentioned It was in- 
vented by Mr. Shanks, of Johnstone, near Glasgow, and by 
the addition of only one bevil-wheel it provides this arrange- 
ment with a quick return motion. The additional wheel, 
which is of small diameter, is fixed within and concentric 
with the circumference of the larger wheel which appears at 
the end of the screw in the preceding illustration. With this 
the bevilled pinion which is in connection with the reversing 
pulley is made to gear instead of with the large wheel, into 
the opposite side of which the other pinion, which runs the 
table forwards, gears as before. The dift'erence between the 
diameters of the inner and the outer wheel carried by the 
screw then determines the variation in the speed of the 
return and the fonn'ard stroke, no alteration in the size of the 
pinion being necessary. 

A few words will suffice to explain the general principle 
of the revolving tool-holder^ which was invented, as above 
stated, by Sir Joseph Whitworth for the purpose of enabling 
the tool to cut during the return as well as diu*ing the for- 
ward stroke. In front of the holder — occupying in fact the 
position of the plates w and x in Fig. 172 — is a vertical 
cylinder. At the lower end of this is a recess, in which the 
tool is placed, and in which it can be so adjusted that the 
centre of its cutting edge is exactly in a line with the axis. 
Round the axis the cylinder is driven through exactly half a 
revolution every time the table changes its direction, special 
arrangements being provided for giving the desired feed on 
each of these occasions, and not at the end of the return 
stroke only, as in the machine described above. This 
mechanism, although it appears sufficiently simple when seen 
in operation, would appropriate far too much of our space if 
we were to attempt to explain it here in detail. A descrip- 
tion of the method by which the amount of the feed is 
regulated will, however, be found in Professor (joodeve's 
volume of this series (' Elements of Mechanism,' p. 94)* The 
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semi-revolution of the cylinder, which, with the earlier 
machines of this kind, was obtained from the alternate rise 
and fall of a stud working in a spiral groove cut upon the 
cylindrical siuface, is now generally produced in preference 
by a gut band stretched over two vertical pulleys upon 
opposite sides of the machine, which in its passage from one 
to the other takes a couple of turns round the top of the 
cylinder of either one or both the tool-holders upon the cross- 
slide. But although this may be simple, in point of appear- 
ance it is hardly satisfactory for a highly-finished machine- 
tool, in which conspicuous cords and bands always seem 
rather out of place. Owing to the prominent position of the 
cylinder, and the alacrity with which it whisks round, a 
* patent revolving tool-holder ' is better known among work- 
men as a * Jack-in-the-box,' or * Jim Crow.* 

A planing machine of either of the above kinds is not un- 
frequently provided with a detached tool-holder in addition 
to the one or two upon its cross-slide. This, when required, 
can be fixed to either of the side standards of the machine ; 
vertical and other portions of a piece of work which it would 
otherwise be difficult to plane, being readily accessible to a 
side-tool supported in this manner. The feed of a side-tool 
is generally given by hand, but in some instances this also is 
made self-acting by the introduction of an additional vertical 
screw, so arranged as to be capable of imparting to it a sliding 
motion upon the standard. In other cases again, the side- 
tool is carried by an entirely independent standard, which is 
only connected with the body of the machine by transverse 
girders placed beneath the bed, the overhanging portions of 
which carry a side table upon which this separate standard 
is temporarily bolted. With this somewhat makeshift con- 
trivance it becomes possible to operate upon the sides or 
edges of articles of which the size is too great for the 
machine to admit them in the ordinary way ; the clear space 
between the side standards being under other circumstances 
the limiting dimension as to width, and the distance between 
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the tool and the table when the cross-slide is fully raised, 
determining the height which can be admitted. But a far 
better way of extending these limits would appear to be a 
reversal of the present system — setting the tool in motion, 
together with the comparatively light mechanism required 
for its attachment and feed, and thus saving a large propor- 
tion of the power now uselessly expended in driving the 
table. For in planing small pieces of work, this mass, which 
is often very considerable, by requiring to be set in motion 
and again brought to rest at every stroke of the machine, 
consumes an altogether disproportionate amount of power ; 
whilst in the case of large articles, which are frequently only 
too ponderous in themselves, it tends still further to overtax 
the powers of the machine. 

Occasionally, indeed, this reversal is practised in a make- 
shift kind of way with planing machines of the ordinary 
construction. An ' angle chuck ' of large size is affixed to 
the table in the manner in which articles to be planed are 
in general secured — namely, by passing bolts into the T- 
grooves with which its surface is provided — and to the 
vertical portion of this a horizontal slide carrying a tool- 
holder is attached. The work is laid alongside the bed of 
the machine, and is there kept stationary ; the width 
capable of being thus treated by the tool depending upon 
the distance to which the horizontal slide can be made to 
overhang the bed This overhanging position of the tool, 
however, necessarily tends to cause the table to leave the 
grooves, and so to produce unsteadiness of cut. 

But in one variety of planing machine-r-the Edge Planing 
Machine^ which is intended for operating on the edges of 
wrought-iron and other plates — the same system is carried 
out in a much more perfect manner. The principle of 
this consists in providing a fixed table of sufficient length 
to admit of the longest plate which has to be treated being 
held down upon it This can be done — even though there 
may be no available holes in the plate itself— by fixing 
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standards at the two ends of the table, and placing a girder 
between them containing a series of long screws, between 
the ends of which and the supporting surface the plate can 
be clipped. Parallel to the table, and running along its 
whole length, is a slide-face, upon which a long screw 
drives a carriage bearing a tool-holder, the motion of which 
can be reversed by a simple arrangement, at any required 
points. If the tool-holder be of the ordinary construction, 
increased speed is of course desirable during the backward 
journey, and by running a crossed strap upon a pulley of 
smaller si2e than that by which the screw is driven, this is 
easily obtained, as pointed out in another chapter (Chapter 
X.), but with the revolving tool-holder which Sir J. Whit- 
worth has applied to these machines, and for which they seem 
to be very well adapted, no need for a quick return exists. 

In this way it is easy to see that a machine could be 
made capable of planing any length of edge which is likely 
to be required, the excessive weight of a sliding-table of 
similar length being a strong argument against their em- 
ployment for such purposes. Ordinary planing machines, 
however, have sometimes great length of bed, 36 feet 
being by no means exceptional. With a bed of this length, 
a cut 27 feet long can be given on any piece of work 
of which neither the height nor the width exceeds 10 feet. 
Sir Joseph Whitworth, indeed, has a machine capable of 
taking a single cut 40 feet in length from any article not ex- 
ceeding 12 feet by 12 feet. The bed of this machine is 50 
feet long — its grooves being probably the longest true 
surfaces which have ever been made. By the side of such 
a tool, that represented in the engraving (Fig. 170) would of 
course appear diminutive, but it is for that reason the better 
adapted for being brought within the very narrow compass 
of ourpage. The following are the particulars of it : — Length 
of bed, 14 feet ; greatest length of cut, 8 feet ; greatest ad- 
missible height, 3 feet ; greatest admissible width, 3 feet 

For the purpose of admitting work of greater propor- 
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tionate width, Duplex Planing Machines have been devised 
— two beds being fixed together side by side, each of 
which has an independent table. These can either be 
coupled together, so as to form a large single table, or they 
can be used separately, just as if they belonged to inde- 
pendent machines. These tools are sometimes provided 
with self-acting oiling apparatus, sufficient lubrication of the 
grooves on which the table slides being very important. In 
spite of the oil, however, the * scored ' state of the grooves 
in almost every large planing machine testifies to the great 
amount of friction which still exists between the sliding 
surfaces — although this might, in our opinion, be much 
reduced by the employment of some less fluid lubricant. 
But to this subject we shall have to revert in a fixture 
chapter. At the end of the bed in Fig. 170 a cistern may 
be observed, in which the oil is caught as it gets worked 
out of the grooves by the movement of the table, and from 
which it can be drawn off from time to time. 

Passing now from large planing machines to small ones, 
we find other methods available for producing the motion 
of the table, which could not be applied when any con- 
siderable length of traverse is required. For this purpose 
. — that is to say, for converting the rotary into rectilinear 
motion — some form of crank will no doubt suggest itself 
to the student of mechanics ; and small planing machines 
have been made on this principle, the table being driven, 
by means of a connecting-rod, from a pin in the face of a 
horizontal disc placed beneath it. By altering the distance 
between this pin and the centre of the disc, the throw of 
the table could be adjusted. But to this arrangement there 
are two serious objections ; in the first place, it causes one- 
half of the time to be wasted, through the return stroke 
being neither accelerated nor made use of, and secondly, 
there is a great variation of speed during each cut As a 
remedy for these evils the following method has been em- 
ployed : — A vertical disc (d, Fig. 1,76), haying upon its face 
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an adjustable pin (a), is so supported below the table as 
to form an overhanging crank. The circumference of the 
disc is toothed to enable it to be driven by a pinion, and 
in close proximity to its face is a slotted link (l), pivotted 
to the framing at its lower, and attached to the table by a 
short connecting-rod at its upper end. The effect of causing 
the disc to revolve in the direction indicated by the arrow, 
is thus to drive the table forwards powerfully, and at a 
slow speed, these conditions being reversed during its 
return. 




Fig. Z76. — ^Diagram of Link Planing Machine. 

But for small, if not for large work, it appears to be 
generally conceded that there is an advantage in giving the 
motion to the tool, rather than to the article to be treated 
by it. It is, at least, entirely on this principle that the work 
is performed by the instruments which we have next to 
consider, namely, Shaping Machines. Although of some- 
what recent introduction, these are now amongst the most 
useful of engineers' tools, performing, as they do, an im- 
mense variety of minor operations, which were formerly 
effected by hand-chipping and filing in a much less rapid 
and less satisfactory manner. Fig. 177 represents one of 
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these machines, as made by Messrs. Sharp, Stewart, & Co., 
which may be taken as a good representative of a class, 
amongst the individual members of which even more than 
the usual amount of variation may be found. 

The duties of these machines are twofold ; one of them 
being to render flat such surfaces of moderate size as from 
their position, or from other causes, could not be con- 
veniently treated in a planing machine ; the other, to work 
up any curved faces of which the radius (for the line of 
curvature must form part of the circumference of a circle) 
does not exceed a certain fixed limit 

And in connection with the first of these we may mention 
— and it should perhaps have been pointed out before — 
that with planing machines in which the motion of the table 
is reversed by shifting the strap, the reversal does not take 
place with the exactness which is in some cases desirable, 
as, for instance, in planing surfaces of which the ends are 
in close proximity to raised portions of the work — ^although 
there is always a balance-weight, so arranged as to prevent 
the strap from resting upon the idle pulley, and this tends 
to hasten the operation. This circumstance alone fre- 
quently gives the advantage to a shaping machine, in which 
the length of stroke allowed to the tool can be adjusted 
with the greatest nicety. 

In the machine shown on the opposite page, the bed bears 
upon its upper surface a sliding-head, capable of traversing 
its entire length. Upon the front of it — in addition to an arbor 
at the centre, with which we will not for the moment concern 
ourselves — ^there are two adjustable tables, for supporting 
the work and for bringing it within range of the tool The 
tool-holder in which this is fixed is carried by the head at 
the forward end of its large and powerful cross-slide, and 
to the sliding portion a reciprocating motion can be given 
by means of the link arrangement above described (Fig. 
176). In this case, however, the disc is attached to the 
head, and the pinion is free to travel with it to any part of 
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a horizontal back-shaft, upon the extremity of which is the 
conical driving-pulley. By altering the distance between 
the pin (a, Fig. 176) and the centre of the disc, different 
lengths of throw can be given, and by means of the large 
hexagon nut which appears at the top of the slide — ^which 
forms the point of attachment of the connecting-rod belong- 
ing to the link — the position of the tool with respect to the 
front of the bed can be adjusted. With these arrangements, 
then, it is possible to plane up any flat surface which can 
be brought within reach of the tool, provided only that its 
width and its length do not exceefd the maximum stroke 
of the cross-slide and the extreme traverse of the head 
respectively. And for this work the machine is made self- 
acting by merely giving an intermittent feed — derived from 
the back-shaft at the further end of the bed — to the screw 
by which motion is given to the head. 

For producing curved surfaces, the work is attached to 
the central, arbor, by being clipped between two cones in 
the manner shown in the engraving, or by any other con- 
venient means. The cap of a piston-rod is there represented 
in position for having the curved portions of the eye planed 
up concentrically with the hole which runs tlirough it ; 
these — since they do not form a complete circle — being in- 
capable of being turned in the lathe. Resting upon both 
the tables is a short girder, with an adjustment at its centre 
for supporting the .extremity of the arbor — this, as well as 
the arbor itself, being easily removable when required. I'he 
curvature is produced by giving the feed-motion to the 
arbor, instead of to the head, the radius of the curve being 
ruled by the distance from its centre at which the tool is 
set in tlie first instance. The greatest diameter of work 
which can be thus operated upon by this machine is 12 
inches, the maximum length of stroke — which equally 
regulates the width of surface which can be planed, whether 
it be flat or curved — being 13 inches. The greatest length 
of flat surface which it can treat is 4 feet i inch. . 
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The construction of the tool-box upon the cross-slide 
will be obvious to the reader who has followed the descrip- 
tion of that shown in Fig. 172, the chief point of difference 
between them being that in this case a tangent screw taking 
into the segment of a worm-wheel is substituted for the 
slotted hole and bolt by which inclinarion can be given to 
the tool in an ordinary planing machine. The object of these 
is to enable concave surfaces also to be planed, the work 
being kept at rest, and the feed given to the tool by means 
of a handle placed upon either end of the tangent screw. 

The stroke of the tool is not, however, by any means 
always produced in the manner mentioned above. In the 
case of small machines with a maximum stroke of not more 
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than six inches, the additional complexity of the gearing 
required for giving increased speed during the return more 
than outweighs its advantages ; but, with the exception of 
thest, the generality of them will be found to be worked 
by the following ingenious arrangement, which was in- 
vented by Sir J, Whitworth for providing them with a 
quick return. Upon a convenient part of the head is placed 
a spur-wheel (s. Fig. 178) capable of revolving freely upon 
a fixed overhanging shaft of large diameter. Through this 
shaft — but not concentric with it — runs a spindle, having 
upon its extremity a crank-piece (p), which it keeps in contact 
with the face of the wheel. Thus supported, each would be 
able to revolve independently of the other — the wheel upon 
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its fixed shaft, and the crank-piece round the axis of its 
3pindle — but theirrevolutions would be eccentric to .one an- 
other. But by slotting the crank-piece and fixing a pin in the 
face of the wheel, they are compelled to revolve together ; 
the velocity of the crank — if that of the wheel be uniform — 
varying constantly, as the pin which drives it and the spindle 
which carries it, approach and recede from each other. A 
dovetailed groove in the face of the crank-piece, at any 
part of which the end of the connecting rod (r) can be set, 
provides the requisite adjustment for the length of the stroke. 

Shaping machines are not unfrequently furnished lyith two 
heads as well as two tables, or an arbor and one table. Each 
part can then be used separately, and becomes to all intents 
and purposes a distinct tool, the bed alone being common 
to the two. A vertical face with T-grooves in it is some- 
times a useful addition to the table. 

The tools used in planing and in shaping machines resemble 
one another so closely, that we have purposely deferred the 
few lines we have to devote to the former till the latter could 
also be included. In planing metal, as already mentioned, 
the general truth of the surface produced depends upon th^ 
accurate guidance of the work and of the tool, and not 
upon the form of the edge by which the individual cuts are 
made. This being so, a pointed, or but slightly-rounded 
tool is almost always employed, the preference being given 
to these — as in metal turning — on account of their com- 
bining great strength of form with facility in cutting, A 
series of grooves is the result, of which the curvature of the 
extremity of the tool and the amount of feed determine the 
depth and the distance apart, the slight ridges between thenx 
being inunaterial for many purposes. But when general 
flatness has been obtained in this manner, greater smooth- 
ness can be easily given to a surface, when required, by 
going over it a second time with a broad-edged tool which 
removes the ridges. ' Mr. W. F. Smith, of Manchester, has 
shown that greatly increased smoothness may be obtained 
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in the first instance by using a tool with a loose cutter of 
aroular section instead of the ordinary pointed tool The 
diagram (Fig 179) shows the effect of each the vertical 
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dotted lines indicating the amount of feed — nine cuts to the 
inch in each case. A drawing of one of these cutters with 
its holder has been given (in Fig. 151) amongst the tools for 
turning metal, its form being well adapted for the treatment 
of cast or wrought iron, either in the lathe or the planing 
machine. 

Much resemblance may also be noticed between the 
turning-tools in Fig. 150, 
and those ordinarily used 
for planing and shaping 
which are given below (Fig, 
180). Of these the first, 
marked a, is the usual toot 
for surfacing, its point being 
slightly rounded off, as ap- 
pears in the preceding dia- 
gram. For smoothing, 
tool resembling this, but ^ 
having a broad straight 
edge instead of a point is 
employed. Of the others, d is for under-cutting, and b and 
c are two kinds of parting tool which are used for making 
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through cuts of as small width as possible, so that their edges 
are kept as nanow as is consistent with their own safety. In 
shaping machines, right and left side-tools, similar to the 
turning-tools of the same name, are also sometimes em- 
ployed. The cutting edge should be made in a line with 
the back of the shank, see a b Fig. i8o, so that the tool may 
spring over rather than dig into the work. 

One other machine-tool requires to be briefly noticed 
before we conclude the present chapter, — ^namely, the 
Slatting Machine. Although in principle it differs but little 
from a shaping machine — ^the shde which gives motion to the 
tool being merely placed vertically instead of in a horizontal 
position, much practical difference will be found to exist 
between them. Neither in their proportions, indeed, nor in 
general appearance do these two classes of instruments 
possess much in common, those which we have just quitted 
being some of the lightest, whereas many of these are 
amongst the heaviest of ordinary workshop cutting-tools. 
To the much more arduous nature of their duties this fact 
bears testimony — that their driving apparatus is almost in- 
variably either double- or treble-geared, the latter being by 
no means uncommon. 

The slotting or vertical shaping machine represented in 
Fig. 1 8 1, has gearing of the former kind, its framing and the 
table below its slide for the support of the work having 
much resemblance to those of a drilling machine. Its 
capabilities are therefore estimated in a very similar 
manner, the maximum stroke of the slide, and the space 
between the point of the tool and the nearest vertical 
portion of the framing, ruling respectively the length of cut 
and the distance from the edge of the work at which it can 
be made. In the present instance, the greatest possible 
length of stroke is 13 inches, and the largest diameter of 
work in any part of which a cut can be given, is 4 feet 
6 inches— half of this (2 feet 3 inches) being therefore the 
distance between the tool and the framing. 
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But a. slotting machine must be able to accommodate 
itself to the performance of duties of a very varying cha- 
racter, for besides the ' slotting ' (or perhaps more properly 
the slitting) of circular holes so as to give them the elongated 
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section from which these tools have obtained their name — 
which section, as we have seen, can now be produced by 
other means — they are employed for almost aU the paring 
and shaping which is required in the treatment of work of a 
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heavy description. Ready adjustability of the height of 
the sliding-bar and of the length of its stroke is therefore 
essential, whilst a quick return is as desirable in this as in 
the other cases of single-acting tools which we have been 
examining. Let us see what provision is made to supply 
these several wants, and also to impart to the table the re- 
quisite feed-motion, for it is evident that the construction in 
die present case does not admit of this being given to the tool. 

At the back of the vertical slide is a disc (d) having in 
its face a radial groove, in any part of which, by means of 
an adjusting-screw, a projecting stud can be set Upon the 
amount of the eccentricity of this stud the length of the stroke 
of the machine depends, its motion being transmitted by a 
connecting-rod (c). This, however, is not attached to any 
fixed portion of the sliding-bar, but to a pin which can be 
moved upwards or downwards — also by means of an adjust- 
ing-screw — in a long slotted hole in the upper part of it The 
hand-wheel at the end of this adjusting-screw appears in 
the engraving at the upper extremity of the sliding-bar, 
which can thus be readily raised or lowered. 

But how, it may be asked, can the speed be rendered 
faster in the upward than in the downward stroke on this 
system, for if the revolution of the disc be uniform, the 
sliding-bar must occupy equal spaces of time in its ascent 
and descent ? We answer that, in the machine shown in the 
engraving, the disc is not driven at a uniform speed. It 
receives its motion through the wheels marked ee', and 
these being elliptical instead of circular so vary its velocity, 
that the speed which it imparts to the sliding-bar is slow and 
comparatively uniform, whilst the tool is cutting, and of 
greatly increased rapidity during the return stroke. ' 

We have now only to examine the construction of the 
table- and the arrangement by which its movements are 
made self-acting. In doing this we shall derive much assist- 
ance from the subjoined figure (182), which shows in outline 
the opposite side of a self-acting table of a slotting machine by 
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Messrs. Fairbairn, Kennedy, Naylor & Co., which is of some- 
what larget'size than that in the general view given above. 

The table is capable of receiving three separate horizontal 
movements ; a slide being so arranged that it can approach 
or .recede from the standard, a cross- slide providing for its 
travelling in a direction at right angles to this, and a pivot at 
its centre enabling it to revolve about its axis. The two 
slides — which together form what is termed a ' compound 
slide' — are worked by screws in the ordinary way, and the 
table is turned by a worm taking into a vorm-wheel immedi- 
ately below it Ratchet wheels with double pawls are placed 
upon the ends of the two screws, and upon the shaft which 
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carries the worm, so that any one of these can be made to 
receive an intermittent feed-motion in either direction by 
giving a reciprocating movement to the arms to which the 
pawls are attached. This movement they constantly receive 
from the shaft s, which is driven backwards and forwards 
through a portion of a revolution by the vertical rod r 
whenever the machine is in motion, r, in turn, derives its 
motion from a cam-groove on some convenient part of the 
driving-shaft of the tool-slide, its upper end being attached 
to a slotted link, by which the amount of its rise and fall — 
and consequently of the feed of the table — can be regulated. 
In Fig. 181 a portion of the cam-groove can be seen on the 
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face of the wheel e'. The manner in which the motion is 
imparted by the shaft s to the ratchet wheel u is sufficiently 
evident, and the expedient by which one of a pair of bevil- 
wheels can be made to slide to any part of its shaft whilst 
still sharing its rotation — which is here employed for giving 
a rocking motion to the lever t from the shaft s — must now 
be too familiar to the reader to need further description. In 
addition to these motions the tables of slotting machines 
are occasionally provided with apparatus for enabling other 
curves to be cut Provision is also sometimes made for 
tilting the table instead of having its surface always hori- 
zontal. 

With respect to the tools for these machines, it is evident 
that some modification of the forms employed for planing 
and shaping is required to meet the altered conditions under 
which they are used ; one main point 
of difference being in the direction of 
the thrust upon them, which is almost 
always parallel or nearly parallel to the 
shank instead of at right angles to it 
Further it is frequently necessary for a 
slotting tool to be able to work in a 
very limited space; for instance, in 
cutting a key-bed in the boss of a wheel 
or in commencing a cut from any drilled 
hole. For such purposes a Parting-tool 
resembling that shown on the left-hand 
side in Fig. 183 must be employed, but 

in most other cases the form of tool on | 

the right is more convenient This is 

called a Round-edge, a Diamond-point, ^ , , ![!°" f^^*, , . 

„ ^' ,. , Tools for Slotting Machine. 

or a Keyway-tool accordmg to the 
shape of its cutting edge, the edge of the parting-tool being 
also rounded when occasion requires it. Where, however, 
there is practically no limit to the space occupied by the 
tool, its position is occasionally reversed, the shank being 
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placed at the bottom of the tool-slide instead of in front of 
it. The last of the three tools in Fig. 183 is intended to 
be used in this manner, and is called a Right-angle or 
Hook-tool. 

We have now noticed the more important of the ordinary 
machine-tools which are to be met with in mechanical work- 
shops — such of them at least as perform their operations by 
what we have throughout considered to be true cutting 
processes — and our sketch, although a mere outline, must 
here be brought to an end. It must not, indeed, be ima- 
gined that those which have been selected for our engrav- 
ings are the only forms which are given, to these tools, nor 
even that they are necessarily in every respect the best ; but 
since full descriptions of the peculiarities of construction 
employed by different makers or for special kinds of work 
could not be attempted, we have preferred for the most part 
to confine our attention to a single good and recent example 
in each case. In this manner we had been in hopes of being 
able to include various other machine cutting-tools, which 
may be regarded rather as the luxuries than as the necessaries 
of a workshop, but which are, nevertheless, of considerable 
interest. Our rapidly diminishing space must, however, be 
devoted to other subjects — a circumstance we much regret, 
since it will entail the exclusion of the band and other sawing 
machines which are now used with such wonderfiil effect 
upon cold metal, the screwing and shaping machines for 
bolts and nuts, together with various others. 

But in connection with machine cutting-tools one subject 
must not be passed over — namely, the means adopted for 
maintaining in an efficient state the cutting edges by which 
the work is actually performed. This, when once the appro- 
priate form and hardness have been given by forging and 
tempering — concerning the latter of which we have had 
something to say in a previous chapter (Chap. III.) — resolves 
itself merely into judiciously applying that most important 
adjunct, the grindstone. * Show me the grindstone, and I 
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will tell you the character of the work which can be turned 
out in the shop,' was the forcible temark of one of our most 
eminent engine- builders ; and if the mention of this should 
be the means of calling attention to the great advantage 
which would in many cases result from improvement in its 
condition, good service will have been done. For with a 
bad or an ill-used grindstone, tools cannot be properly ground, 
and with irregularly ground tools uniformly good work is out 
of the question. 

First with respect to the method of hanging a grindstone, 
which for a machine shop is generally from 2 to 5 feet in 
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diameter, and from 4 to 8 inches in thickness. The best 
system, undoubtedly, is that shown in Fig. 184, in which 
the stone is firmly clipped between two circular cast-iron 
plates upon the spindle. Between each of them and the 
side of the stone a thin piece of soft wood ' packing ' is 
placed, which accommodates itself to any slight irregularities 
of the surface and gives the plates a firmer grasp. The 
spindle runs in two plummer-blocks fixed on the sides of the 
cast-iron water trough, one end of it being provided with an 
^inary fast and loose pulley. The trough abo carries aP 
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one end a wrought-iron rest adjustable as to height, with the 
assistance of which, as long as the stone runs true, tools can 
J)e ground by a practised hand in a very efficient ntanner. 




But no sooner does the grindstone lose its circular fonn 
than the rest becomes worse than useless; and this is always 
liable to happen, either from careless treatment, or through 
one part being softened by long standing in the water. 
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This evil can only be remedied, and indeed, its increase can 
only be prevented, by turning the face of the stone. 

But even when the condition of the grindstone is perfectly 
satisfactory, the correctness of the angles which the facets of 
a cutting edge ground upon it form with each other and with 
the shank of the tool, depends entirely upon the skill of the 
operator, although of course he may, and in general he 
should, have the assistance of a gauge or template. But 
either with this or without it, very great advantages will 
almost always be found to accrue from the adoption of the 
system of Machine Grinding introduced not long since by 
Sir Joseph Whitworth. Fig. 185 shows one form of his 
apparatus for the purpose, which is in fact an applica- 
tion of the slide principle to the grinding of tools. Instead 
of the fixed rest mentioned above, the end of the trough 
is made to carry a slide-rest, of which the cross-slide is 
driven by a screw in the ordinary way, and the lower 
slide by a rack and pinion. By working the handle at- 
tached to the pinion, the tool (when its extremity is being 
ground) can be easily kept in motion, so that all scoring and 
grooving of the face of the stone are prevented. The 
required angle can be given with unfailing certainty by a 
single adjustment of the rest, the entire body of which is 
hinged to the trough for this purpose. Perfect uniformity 
in the angles of any number of tools can thus be obtained, 
and they can be ground not only more rapidly, but in a 
very superior manner. Moreover, all unequal wear of the 
stone is prevented, so that the process of turning it up 
need never be resorted to. The speed at which the face of 
the stone is driven is about 830 feet per minute. 
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.CHAPTER IX. 

ON PUNCHING AND SHEARING MACHINERY. 

• 

In a former chapter, when discussing the peculiarities of 
some of the hand tools ordinarily used for metal, we men- 
tioned that certain kinds perform their duties by a species 
of tearing, rather than a true cutting action. These are 
chiefly known as * punches ' and * shears^' and the principle 
upon which they act is by no means confined to tools used 
by hand ; the extension of it into the province of machine- 
tools providing us with the means of producing some of the 
most startling results which are to be seen in mechanical 
workshops. Thus shears, of which the small representatives 
worked by hand can only with great difficulty cut through 
sheet iron Jth of an inch in thickness, will, when fixed in 
a suitable machine, pass in a very small fraction of a minute 
through as much as an inch and a half of solid plate, or 
will snip off a 6-inch bar of nearly double that thickness in 
a similar space of time, with, to all appearance, the greatest 
ease imaginable. 

With these Punches — ^which equally perform feats in their 
own line which, but a few years since, were beyond the 
highest aspirations of the millwright — are, more often than 
not, combined in one and the same machine, — so that, in- 
dependently of the closely analogous manner in which they 
act, it will be advisable, even if not absolutely necessary, to 
describe Punching and Shearing Machines together. 

It will be remembered that before we quitted the subject 
of hand-punching, one or two instruments were mentioned 
which, although worked by hand, were capable of perfo- 
rating plates of considerable thickness. Such are the 
* punching bear' and other portable forms of apparatus, 
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which, by the use of simple mechanical expedients, enable 
these results to be obtained by the continued appUcation 
of so small a force as that which can be exerted by the 
human ann. In addition to these, there are also other 
machines of various degrees of simplicity and portability, 




which, since their effects depend solely upon long-continued 
or accumulated hand-power, might perhaps have been more 
properly included in a former chapter Foremost among 
them stand those which are worked by hydrauUc pressure 
: — the almost perfect incompressibility of water affording us 
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the means of concentrating a succession of small efforts in 
a more perfect manner than can be done by any mechanical 
expedient with which we are acquainted. Fig. 186 repre- 
sents a Hydraulic Bear, constructed by Messrs. Tangye, 
Brothers, with which holes of as much as i^ inch in 
diameter can be punched in wrought iron i inch in thick- 
ness by the power of only one man. Its form will be seen 
to bear a general resemblance to that of the screw-punching 
bear (Fig. 81), with the exception of the legs with which 
this is provided, which are not an essential part of it, and 
can be easily detached when necessary. Into the action 
of the hydraulic press, of which this is merely a modifi- 
cation, we cannot here enter 
fully; but the general constrac- 
tion of this tool will be easily 
understood from Fig. 187. In 
this, which is a vertical section 
through it, A is a cistern contain- 
ing a supply of water, c is the 
plunger of the force-pump d, 
and B the lever by which it is 
worked. E is the inlet valve by 
which water enters the pump 
when the plunger is raised, an 
outlet-valve at the foot of this 
allowing it to pass into the cylin- 
der F on the descent of the 
plunger. In this cylinder is the 
ram, h, which has a cupped 
leather packing at its upper, and the punch at its lower end. 
L is a lever for raising the ram, and so withdrawing the punch 
from the hole which has been made by it. The student 
will be aware that (friction neglected) the pressure exerted 
by the ram exceeds that applied to the plunger, inversely in 
the proportion which tlie area of the latter bears to that of 
the former. 
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Besides the punching bear given in Fig. i86, other forms 
of hydraulic punch, both portable and stationary, are to be 
met with. When an ' open mouth ' is unnecessary, as in 
punching the webs of rails, &c., a more advantageous dis- 
position of the metal of the framing in the neighbourhood 
of the punch becomes possible, the vertical portion being 
made in two parts, and the rail or bar which is to be 




punched being passed between them. This arrangement 
is known as the ' close mouth,' and is that with which the 
Hydraulic Shears, Fig. i88, are provided. The action of 
this tool being in all its main points similar to that of the 
punching bear just described, will not require special ex- 
planation. The lever for raising the ram is omitted in the 
figure, its position, when in use, being on the spindle a. 
During this operation, the screw immediately below the 
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pump-lever is slackened, a stop-valve in connection with it 
then allowing the water in the cylinder to pass back into 
the cistern. 

But the operation of punching may be performed in a 
much more rapid manner by means of a Fly Press^ which, 
at first sight, might be thought actually to give off more 
power than had been appHed to it — a result which every 
student of mechanics knows to be an absolute impossibility. 
One of these instruments may be occasionally seen, mounted 
on a * trolly,' by the side of our lines of railway, with which 
two men ai*e able to punch a hole nearly an inch in 
diameter through the * web ' of a rail, perhaps three-quarters 
of an inch in thickness. The explanation of its action lies 
in its power of accumulating the force applied to it, which, 
although in itself it may be small, is continued for a 
sufficient time to produce these apparently disproportionate 
results. The fly — which generally consists of two ponder- 
ous balls of metal at the extremities of the lever of the 
press — is gradually brought from a state of rest to one of 
rapid motion by continued effort on the part of the work- 
men — the maintenance of its speed being assisted by its 
descent due to the revolution of the screw. But, inasmuch 
as it parts with the whole of its momentum almost instan- 
taneously on the punch coming into contact with the rail, 
the results are proportionate to the force and the length 
of time expended in bringing the fly to its full speed, and 
not to the duration of its performance. But here we are 
trenching upon ground which lies more properly within the 
province of another forthcoming volume of this series.^ 

In stamping coins, and some other processes which are 
rather beyond our limits, fly presses of much greater size 
and power are employed, the recoil— when the motion is 
quite suddenly arrested, as it frequently is in such cases 
— ^being sufficient to raise the screw to its original position. 

* Principles of Mechanism : By T. M. Goodeve, M.A. 
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Passing now to the stationary forms of punching and 
shearing machines, which belong more properly to our sub- 
ject, since in some form or other they are to be found in 
every mechanical workshop ; one which is almost, if not 
absolutely, the simplest, is that of which an outline diagram 
is given in Fig. 189. Although one of the earliest, it pos- 
sesses certain advantages over the somewhat neater arrange- 
ments presently to be noticed, which have caused it to 
be generally preferred by boiler makers and others, to 
whom an efficient punching machine is an essential Its 




Fig. 189. — Lever Punching Machine. 

construction will be easily understood from the engraving. 
The punch is attached to the lower end of a guide-bar, 
which is connected with the shorter arm of a powerful 
lever,»so as to rise and fall with it. The longer arm of this 
lever — which carries a roller at its extremity — rests upon 
the edge of a slowly revolving cam — its motion being 
derived from the fly-wheel shaft by means of a spur-wheel 
and small pinion. It will thus be seen that the revolution 
of the cam, and, consequently, the motion of the lever, 
cannot be arrested without also bringing the fly-wheel to 



IX.] Lever Punching Machine. 271 

rest. Its momentum is therefore available for overcoming 
any resistance which the punch may encounter. After 
each descent the punch is raised by the mere weight of the 
longer arm of the lever. The following advantages accrue 
from regulating the motions of the punch by a cam, instead 
of by an eccentric, as in the machines described below. 
In the first place, it follows that the descent of the punch 
can be made perfectly uniform ; 2ndly, that its return can 
be accelerated to any required extent ; and, 3rdly, that by 
causing it to remain perfectly stationary between the end 
of one stroke and the commencement of the next — for 
which it is merely necessary for a portion of the cam to be 
made concentric— ample time can be given for the workman 
to place the plate correctly. 

We have already called attention to the hollow cast- 
iron frames which are now generally to be met with in 
machine-tools. In the case of punching machines they 
are required to be of unusual strength to resist the severe 
strain due to the passage of the punch through the plate. 
This is secured by forming at the working end of the 
frame a powerful fixed jaw, to the upper part of which the 
lever is centred, the bolster or die being placed upon the 
lower part The distance between the inside of this jaw 
and the centre of the punch is an important factor in de- 
termining the useful qualities of these machines, since it 
limits the distance from the edge of a plate at which any 
hole can be punched by them. But every increase in this 
distance requires that much more than an equal increment 
of strength be given to the jaw. 

Above the lever, at a short distance from its fulcrum, a 
pair of knives may be observed in Fig. 189, an addition 
which enables this machine to -be used also for shearing 
when required. Their position, however, is by no means a 
convenient one, the most advantageous height for them 
being that occupied in this instance by the punch and die. 
Some machines of this kind, indeed, are made for shearing 
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only, in which case knives are substituted for the punch 
and die, the upper one being worked by the lever and cam 
in the manner shown in the diagram ; and it must be con- 
fessed that the arguments in favour of this method of driving 
are as forcible for shearing as for punching. 

A combined punching and shearing machine, made by 
Messrs. Collier of Manchester, is shown in outline in Fig. 
190, which, whilst it possesses much of the compactness of 
appearance of those on the eccentric system next to be 
described, retains the advantages of the cams and levers 
already mentioned. The shears are placed on the same level 
as the punch, but at the opposite extremity of the machine, 
so that the framing has in this case a jaw at each end, the 
two independent levers by which they are worked being 
within the hollow of the framing. The cams by which 
motion is given to the levers are fixed upon the spindle of 
a large- sized spur-wheel (shown by dotted lines in the en- 
graving), which is driven by a small pinion on the fly-wheel 
shaft ; and since the greatest radius of the one cam is on 
the same side of the shaft as the smallest radius of the 
other, each lever is raised alternately. By this arrangement 
it becomes impossible to put an undue strain upon the 
machine by attempting to use it for both punching and 
shearing at the same moment. It may be observed that 
there are several points of difference between the cam and 
lever of the single-ended machine and those of the com- 
bined machine which we are now discussing. In the present 
instance the cams do not act upon the extremities of the 
longer arms of the levers — ^which they could not do without 
considerable addition to the total length of the machine. 
Consequently the power obtained is proportionately reduced, 
although in many cases the much greater economy of space 
which results from making both ends of the machine avail- 
able, may more than compensate for the loss of it. For 
in spite of all that may be isaid in favour of the single-lever 
machines it cannot be denied that they monopolise an 
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amount of space which generally makes them inadmissible 
in a crowded workshop. 

In Fig. 191, which represents a partial section of the 
punching end of one of these combined machines, some 
further points of difference may be noticed — amongst others 
the transference of the friction roller from the long arm of 
the lever e to the portion b of the cam c, at which the 
greatest pressure is exerted, and the insertion of the nose or 




Fig. 191. — Section of Punching End of Double-Lever Machine. 



short arm into- a recess in the slide which carries the punch, 
instead of their connection being established by separate 
links. One great advantage of this is the facility which it 
affords for throwing the punch out of gear, in the manner 
explained below. To ensure the weight of the lever being 
competent to withdraw the punch and to raise the slide, its 
length is made much more than sufficient to reach the cam 
at the centre of the machine. One other portion of this 
tool demands a few words of explanation, viz., the projection 
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which appears in Fig. 190, extending downwards from the 
centre at an angle of 45°. Near its lower extremity an L- 
shaped opening may be noticed. In this is a pair of shears 
adapted for cutting bars of angle iron, the upper knife being 
driven by an eccentric at the end of the shaft which carries 
the spur-wheel and cams. But that this method of driving 
is inferior will be shown in connection with the punching 
and shearing machine, which we have next to describe. For 
cutting other sections of rolled iron various other forms of 
knife are employed. 

Fig. 192 is a general view of a combined Punching and 
Shearing Machine^ by Messrs. Sharp, Stewart and Co., in 
which both the shears and the punch are worked by eccen- 
trics ; the compact form which can be given to the framing 
of machines of this kind contrasting very favourably with 
those of the lever punches and shears which we have been 
discussing. Within the hollow framing is a strong hori- 
zontal shaft, upon which 'is fixed the large and powerful 
spur-wheel which appears in the centre of the figure. At 
the extremities of this shaft are eccentrics connected with 
the upper knife of the shears and the punch respectively, 
one of them always rising during the descent of the other. 
The manner in which the vertical movement of the slides 
to which the punch and the knife are attached, is obtained 
from thes^ eccentrics is slightly dissimilar, owing to the 
difference in their respective requirements. The shear- 
blade is attached to the pin of the eccentric by means of 
a link (the upper joint of which- can be seen in the en- 
graving), so that it rises and falls at every revolution of 
the shaft, and can never be disconnected from it. In the 
case of shears, indeed, this is never required, although for 
a punch it is a great desideratum. A slight modification 
at the punching end of the machine enables the connection 
to be instantly broken and as quickly re-established. The 
link is not perforated at both ends, as before, but the lower 
end is made to drive the punch by simply pressing down- 
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wards upon a projecting portion at the centre of the slide, 
with which it only comes into contact when its lower ex- 
tremity ^is central. A handle at the end of the machine 
enables the link to be turned aside so as to miss the pro- 




jection during its descent, so that the punch remains at the 
top of its traverse — a weighted lever, working on the centre 
which appears in the figure above the jaw, continually letain- 
ii^ it in that position when it is disconnected from the link. 



IX.] Methods of disconnecting Punch, 277 

A lever punch, however, admits of still more simple means 
being employed for this purpose. The opening in the slide, 
into which the nose of the lever is inserted, is made of 
sufficient length to admit not only the lever, but also a loose 
piece, or * block,' which can be slipped in below the lever 
through an opening in the framing. This block appears 
in both the outline elevation (Fig. 190) and the section 
(Fig. 191). On the punch in its descent coming into con- 
tact with the work, the block, when in position, transmits 
the downward pressure of the lever to the slide, whence it 
passes to the punch. When, however, the block is with- 
drawn, the slide merely falls by its own weight, the punch 
descending and resting upon the work till it is again raised 
by the lever. 

But two other points remain to be noticed in Fig. 192, 
although they must not be supposed to be peculiar to this 
class of machine. One of these is the vertical plane of the 
shear-knives, which is not at right angles, but greatly 
inclined to the sides of the framing, and to the axis of the 
eccentric shaft. This is done with the object of enabling 
them to operate upon bars or plates of any length, provided 
only that they are of small width. If placed square with 
the framing, the depth of the jaw would of course limit the 
distance from the end or edge of a plate at which the shears 
could operate, as already'pointed out with reference to punch- 
ing. The other point is, that the fit of the slides — on the 
freedom and steadiness of whose motion so much depends 
—can be adjusted by means of setting-up screws, five of 
which appear in the engraving at each end of the machine. 

Some single-ended machines are also constructed on the 
eccentric principle, a single slide being then made to do 
double duty, having the punch attached to its lower, and 
the bottom shear-knife to its upper end. For workshops 
in which economy of space is a greater object than con- 
venience of position for the shears, this arrangement is not 
easily improved upon — the eccentric having, as has already 
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been pointed out, undeniable advantages in enabling the 
length of the framing to be reduced. Where, however, 
there is sufficient space to admit of the use of lever 
machines, it is not a little surprising that those driven by 
eccentrics should so frequently be found. Briefly, the re- 
quirements of a punching and, to some extent also, of a 
shearing machine, are that the motion of the punch or 
knife shall be slow and uniform whilst cutting, quick during 
its return, and that the interval of rest shall bear as large 
a proportion as possible to the time occupied by the stroke. 
These, as we have already stated, are well fulfilled by a 
properly- shaped cam and lever, whereas the eccentric gives 
us variable and similar motions during both the upward 
and the downward stroke, and commences its return imme- 
diately on arriving at the end of its traverse. The last, 
indeed, is a much more weighty objection to this applica- 
tion of the eccentric than might at first be supposed, since 
the accuracy of the position of holes punched in the ordi- 
nary manner (which are merely set out with a template by 
a kind of stencilling process) depends solely upon the plate 
being correctly placed by the workman, and the shorter the 
interval at his disposal for the purpose, the greater is the 
risk of error. The superiority of well-constructed lever 
machines in this respect may be gathered from the fact that 
on this system it has been found possible to keep the punch 
absolutely at rest during one-half of each revolution of the 
cam, thereby enabling the number of strokes in a given time 
to be made one-third greater than would be attainable in 
an eccentric machine, without curtailing the interval for 
placing the work. 

To obtain more perfect correspondence between the 
holes in any two or more plates than is possible when the 
marks which denote their position are brought separately 
under the punch by hand, Mr. Maudslay many years ago 
introduced a system of Multiple-Punching. The machines 
for this purpose, some of which have remained in use to 
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the present time, bore a general resemblance to Fig. 190, 
the required motion, however, being imparted to the lever 
by a pair of toothed elliptical wheels, one of which occu- 
pied the position of the cam, and the other that of the 
roller. A series of punches were arranged in line at the 
lower end of the vertical slide, excessive strain upon the 
machine being prevented by making them of different 
lengths, so that they acted in succession, instead of at the 
same moment. A self-acting 'dividing table,' by which 
the plate was moved through the correct distance after each 
stroke of the machine, enabled greatly increased accuracy 
of * pitch ' (or distance from centre to centre) to be given 
to any series of holes. Single punching machines with 
self-acting tables are now made by Messrs. Fairbaim and 
Co., and by other makers, and they appear to have much 
to recommend them. Other machines, with still greater 
capabilities and of correspondingly greater complication, 
have been devised, in some of which several rows of holes 
of e'qual pitch can be punched simultaneously ; in others — 
or at least in one, the 'Jacquard Machine,' invented by 
Messrs. Roberts of Manchester — any arbitrary arrangement 
of holes can be produced. But these — chiefly on account 
of their excessive cost — are rarely to be met with, and 
therefore do not demand special notice here. 

Recently, indeed, the tendency has been to diminish 
rather than to extend the application of punching machines, 
and to substitute drilled . holes in many cases where they 
would formerly have been punched. As yet, however, 
even multiple drilling has not been put on a par with 
punching in respect of speed — from 8 to 10 holes per 
minute being capable of being punched singly even with 
machines of the largest description, and as many as 15 
being possible with those of more moderate size, which 
more than equals the performance of the multiple-drill, 
already noticed. 

But It must be remembered that we have throughout the 
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present chapter been speaking only of the machines used 
by makers of boilers and iron structures for punching 
wrought-iron plates, bars, Ac, which form but one branch 
of a very wide subject. Into its other ramifications our 
subject does not carry us, although some of them possess 
great mechanical interest— as, for example, the process of 
perforating zinc, &c., with Larivi^re's machine, by which 
three rows of perforations, containing some hundreds of 
holes, are made simultaneously. For almost all purposes, 
indeed, for which it is necessary at a single operation to 
make holes which are otherwise than circular, recourse must 
be had to punches and dies, with which those of the most 
complex forms can be produced with nearly as much 
facility as can simple circles, ovals, or squares. To this, 
however, we have seen that the process of slot-drilling forms 
a notable exception. 

The fact of the metal removed by a punch and die being 
in one solid piece or * burr,' instead of being frittered away 
in shavings, is also turned to useful account in numberless 
manufacturing processes — * blanks ' for coins, buttons, per- 
cussion caps, steel pens, the wheels and other portions of 
•cheap clocks, and an endless variety of small metal objects 
of daily occurrence being made in this way. For some 
purposes, indeed, articles of much larger size are reduced 
to their proper shape in this manner. The axle-guards for 
railway carriages are a case in point, which, although they 
measure some 2 feet in height and -exceed a foot in width, 
are cut at a single stroke from iron plates | of an inch thick 
by a species of punching or shearing machine — for in such 
cases it becomes difficult to say under which head it should 
be included. But such processes are not usually in 
much favour in mechanical workshops. Still less are those 
in which a single hollowed cutting-punch is used, instead 
of the solid one with a corresponding die, which is the 
form employed in all the machines which we have been 
describing. The others, indeed, are chiefly used for soft 
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materials ; but a modification of them, in which two corre- 
sponding punches, with strong cutting edges, are forcibly 
driven from opposite sides into a sheet or *thin plate of 
metal, has been of late years gaining ground in the manu- 
facture of small articles, though we are not aware that it has 
yet extended into the practice of the engineer. 

Before quitting the subject of punching machinery, one 
or two points in connection with the aforesaid dies and 
punches should be briefly noticed, inasmuch as the quality 
of the work performed by any punching machine is in the 
highest degree dependent upon the form and proportions 
of the punch and die. The use of the latter was explained 
in a former chapter (Chap. III.), and its general appearance 
and the means of adjusting it, so as to ensure its being in 
every instance concentric with the punch, will probably 
have been observed in the preceding engravings, although 
the attention of the reader has not before been directly 
called to it. In the hydraulic bear, for instance, a cast- 
steel ring forms the die (or * bolster' as it is not imfre- 
quently called in the case of the smaller punching instru- 
ments), and it is kept concentric with the punch by being 
turned on the outside, so as to fit into a recess in the cast- 
iron jaw. But in the larger machines it is found more 
convenient to widen out the base of the die, and merely 
to let it rest upon the flat surface of the jaw, its position 
being regulated by three or four screws working in fixed 
lugs, or by some other simple adjustment. Some makers 
transfer this adjustment to a separate bolster, into the 
upper part of which a small die is fitted, an arrangement 
which does not necessitate so great an expenditure of steel. 
But, whatever may be the external form of the die, a central 
perforation extends completely through it in all cases, and 
it is upon the internal proportions of this that its efficiency 
depends. The upper part of the aperture is cylindrical ; 
the lower being tapered, as the accompanying section of 
a die and bolster (Fig. 193) shows. The parallel portion 
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can then be sharpened by grinding its upper surface, as the 
angles become rounded by use, without altering the size of 
the hole, whilst the tapered continuation of the hole allows 
the burr which is punched out to fall freely through by its 
own weight— an opening being cast in the jaw just below 
the die, so tl.at it drops out altogether clear of the machine. 
For the actual size of the cylindrical portion as compared 
with that of the punch, we can, however, give no definite 
rule, for whereas the evils more or less incidental to all 




Fig. 193. — Section of Punch and Die. 



punched holes — namely, their form being conical instead 
of cylindrical, and their sides ragged instead of smooth — 
become greater with every proportionate increase in the 
size of the die, there appears, on the other hand, to be no 
valid reason against reducing the clearance to the lowest 
possible limit consistent with the free passage of the punch, 
nor for doubting that the effect would be a corresponding 
reduction in these evils. Ordinarily the diameter of the 
aperture in the die is made to exceed by one-sixteenth part 
the diameter of the punch ; but, when it is required to 
give a more conical form to the holes produced, this differ- 
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ence is increased. But in tlie generality of holes for rivets, 
and for most ordinary purposes, the conical form is a very 
great disadvantage, although cases do occur in which it is 
even beneficial — as, for instance, in the attachment of two 
plates only by means of rivets, when the hole in each 
plate have been punched outwards, each hole being in this 
way roughly countersunk. Another objection to punched 
holes is the rounding of their upper edges, which takes 
place on account of the compression of the iron before the 
punch begins to tear apart its fibres. This is especially 
the case with thick plates, and for this, even if for no other 
reason, they are much less fit subjects for punching than 
those which are thin. It is possible, however, that if the 
speed of the punch could be very largely increased, great 
improvement in this respect and also in the general smooth- 
ness of the holes might be the result With respect to the 
punch itself — of which the practice is to use it only upon 
plates of which the thickness does not exceed its own 
diameter — the very slightly tapered form, shown in Fig. 193, 
is almost universally given, in order to diminish its friction 
against the sides of the hole. Inclining its face slightly 
(at from 3° to 5°), instead of making it horizontal, is by no 
means so prevalent a practice, though it has the advantage 
of bringing the pressure more gradually upon the machine 
than is the case when the work is commenced at all parts 
of the circumference at the same nK)ment. That the in- 
tensity of this pressure is very considerable, even in punch- 
ing holes of moderate size, may be gathered from the fact 
that it is found to be very nearly equal to the tensile 
strength of a bar, the area of whose cross section is the 
same as the area of the sides of the hole. Thus, in punch- 
ing a hole I inch in diameter through a wrought-iron plate 
I inch in thickness, the pressure required was slightly more 
than 77 tons, which divided by 3-14 (the area of the sides 
of the hole)=24'6 tons per square inch, which corresponds 
very closely with the ultimate tensile strength of wrought 
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iron of average quality. In some experiments by Mr. Hick 
of Bolton, this rule was found approximately to hold good, 
even when the diameter of the punch was increased to 
8 inches, and the thickness of the plate to 3^ inches, the 
pressure then required being 2,000 tons ; and that it applies 
as well to shearing as to punching, provided that the edges 
of the knives are parallel, is also borne out by the facts 
given by Mr. Anderson in a recently published volume of 
this series.^ 

In spite of its tapered form, a punch shows much re- 
luctance to quit the hole it has made in any plate or bar, 
preferring to lift it during its own ascent, unless the weight 
be excessive. This tendency is resisted by affixing to the 
upper part of the jaw a 'guard ' or * puUer-off,' of which the 
lower face is at least as low as the face of the punch when 
it is in its highest position. This puller-off is generally of 
wrought iron, although a portion of the cast-iron framing 
is occasionally made to serve the purpose ; but, in either 
case, it must be of sufficient strength to perform the office 
from which it derives its name. Its position can be seen 
in each of the machines of which engravings have 'been 
given. 

With regard to the knives of shearing machines, no very 
general rule seems to obtain — at least as far as the angle 
at which each knife is sharpened is concerned. In most 
instances the lower knife is ground to the same angle as the 
upper ; but in others its edge is made square, that of the 
upper one being slightly acute. The actual angle which 
gives the best results varies with the hardness of the 
material, 75*^ being about the minimum in the case of 
wrought iron and steel. Much greater uniformity of practice 
exists in the angle at which one edge of a pair of shear 
knives is inclined to the other, by which they are made to 

' The Strength of Materials and Structures^ by John Anderson, 
C.E., &c. 
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bring a gradual instead of a sudden strain upon the 
machine. This angle is generally from 3° to 8^ according 
to the length of the blades, the whole of the obliquity being 
given to the upper knife, whether the construction of the 
machine demands that the motion should be imparted to 
that or to the lower one, of which the edge is horizontal. 
The lower knife thus forms a guide for the plate which is 
to be cut ; for, by letting it rest 'fairly upon the edge, the 
workman is enabled without difficulty to keep it level in 
the direction of the cut. To assist him in also keeping it 
approximately level in the opposite direction, an adjustable 
finger, attached to the upper part of the framing, has been 
applied. It may be seen on the left-hand side of the 
machine represented in Fig. 190. With this it becomes 
impossible for the plate to be suddenly tilted up when the 
pressure comes upon it, or for the workman to raise its 
outer extremity to such an extent as to cause it to become 
jammed between the knives instead of being cut, from 
which breakage of the knives and damage to the machine 
occasionally result, and of which there is always some 
danger if liie contact between the edges of the knives be 

imperfect'. 

For shearing the edges of boiler and other plates with 
gr,eater speed and precision than is possible with the pre- 
ceding machines, in which long cuts can only be produced 
by combining a number of short ones — placing the plate 
sufficiently correctly to ensure each one of the series forming 
part of the same straight line being no easy task — special 
machines have been constructed. In these the length of 
the knives is made to exceed or at least to equal the length 
of the plate, which amounts in some instances to 10 feet and 
upwards. With these machines a single cut can be taken 
from the whole length of the plate, and in point of straight- 
ness it is of course far superior to any producible in those 
previously mentioned, in which 18 or 20 inches is the 
maximum length of the knives. The other limiting dimen- 
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sions of the shearing and punching machines above figured 
are as follows : — 

The hydraulic-bear (Fig. i86) is capable of punching a 
hole li inch in diameter through a i-inch plate, provided 
that its centre is not more than i| inch from the edge. 
With the hydraulic shears, bars of any length up to either 
2 inches square, or 4 inches wide by J of an inch thick, 
can be cut. 

The lever machine (Fig. 189) is adapted for pimching 
holes I inch in diameter through ^-inch plate at any 




Fig. 194. — Circular Shears. 



distance not exceeding 18^ inches from the edge, and 
for shearing J-inch plates up to 17I inches from the edge. 

Fig. 190, the double-lever machine, may be used for 
punching i^inch holes in finch plate, and for shearing 
plates f inch in thickness — the greatest practicable distance 
from the edge being 12 inches in each case. 

The eccentric machine (Fig. 192) may be used for either 
punching or shearing plates i^ inch in thickness at a 
distance of 18 inches from their edges, provided that the 
punch does not exceed i J inch in diameter. 
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One other kind of shearing machine should be mentioned, 
although it is not often to be found in engineers' work- 
shops. We allude to the Circular Shears^ invented by 
Mr. Roberts of Manchester, of which Fig. 194 is an ex- 
ample. The knives are made from circular discs of steel — 
as shown in the left-hand comer of the figure — and being 
driven in opposite directions, they can be used for straight 
cuts of unlimited length, and also for curved work — ^which 
frequently gives them the advantage over ordinary shears. 
In the manufacture of tubes, and for other purposes for 
which long lengths of sheet metal are required, they are 
very largely used, and they are also occasionally made for 
cutting plates up to as much as an inch in thickness. 
Where large quantities of sheet metal have to be cut into 
strips, a number of these revolving shears are mounted on 
one pair of spindles, so that a sheet in being passed between 
them is cut up at a single operation, the distance between 
the adjacent pairs of cutters regulating the width of the 
strips. 



CHAPTER X. 

ON THE DISTRIBUTION OF THE MOTIVE POWER TO 

MACHINE-TOOLS. 

Our tour round the workshop must now be brought to an 
end. It has been but a hasty one — too hasty indeed for us 
even to become thoroughly acquainted with the cutting-tools 
which belong to the Fitting-shop, although it is to these that 
we have been obliged chiefly to confine our attention. But 
in taking leave of them there not unnaturally arises the ques- 
tion. Whence comes the power which enables them to perform 
their arduous duties, and how is it conveyed to them and 
kept under control ? These points we will endeavour to 
clear up as briefly as possible. * 
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With regard, then, to the first of them we may answer, 
that m this country our coal is the ahnost invariable source 




PLAN 




SECTION 

Fig. 295.— Part Plan and Section of an £ngineer's Workshop. 



of the power, and that steam generated by its means is so 
appHed in a Steam-engine as to produce the requisite rotatory 
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motion. And with respect to the distribution of the power 
throughout the workshop, and rendering it available for driv- 
ing each individual machine, we have only to point to the 
long lines of shafting over our heads, together with the 
countershafts, pulleys, and belts which are there suspended 
in bewildering confusion. These constitute the greater and 
lesser arteries of the system, and the instant the life-giving 
stream ceases to flow through them the whole of the 
members are left powerless. 

Our few remaining pages shall therefore be devoted to 
examining these somewhat in detail ; but it must not be 
imagined that no other method is employed for transporting 
to the required points the power obtained from the forces of 
Nature, any more than that the combustion of coal, &c., is the 
only one of these forces which can be made available. Had 
we but the opportunity of extending our observations to 
the arrangements of the Smith's Shop, and Fomidry, we 
might indeed find instances in which we could speak of the 
* stream' of power in a much more literal sense. The 
steam hammer — that tractable giant for which we are so 
greatly indebted to- Mr. James Nasmyth — would furnish us 
with a case in point, the steam which works it being con- 
ducted in pipes directly from the boiler to an engine which 
forms part of the machine itself- Hydraulic cranes, again, 
are worked by an actual stream of water brought under 
great pressure from an * accumulator,' and this system, very • 
largely applied by Sir William Armstrong, appears to have a 
great future before it. But with neither of these can we now 
concern ourselves. 

Some insight into the ordinary method of — as it were — 
laying on the power by the shafting, &c., just mentioned, 
may be gained from the diagram. Fig. 195, upon the oppo- 
site page. These represent in plan and in section a small 
portion only of a large workshop, in which it has to be trans- 
mitted from the engine e to the lathe l, the grindstone G, 
&c. The first step is to set up a main line of shaftings s, in 

U 
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any convenient position where the wall of the building, or 
the columns which support the roof (which are marked c, c, 
in the present diagram) offer facilities for supporting it at 
suitable intervals. The strength of the shafting must, of 
course, be in proportion to the strains to which it will be 
subjected — and on this point the reader will do well to con- 
sult another volume of this series * — these being due, not 
only to the torsional stress caused by the transmission of 
the power, but also to the transverse pressure brought upon 
it by the beltings by which it receives its motion from the 
engine, and hands it on to the tools, either directly, or through 
the intervention of countershafts y of which we shall have 
more to say presently. 
Where the length of the workshop is great — and it is 




Fig. 196.— Box Coapling (A). 

generally desirable that it should be — the main shaft cannot 
be conveniently made in a single piece. Fig. 196 shows the 
best and simplest form of coupling — ^known as the box 
coupling— by which a series of comparatively short pieces of 
shafting can be connected together in such cases. The box 
or ring fits freely over the two ends, and is secured by a taper 
steel key driven tightly into a bed formed partly in the shaft- 
ing and partly in the box. It will be seen that this arrange- 
ment enables any one length to be readily removed, if 
required, without disturbing its neighbours. For a joint of 
this kind to be efficient the coupling should always be placed 
near a bearing, as shown in the foregoing plan. 

Occasionally, however, it is necessary to carry a line of 

' The Strength of Materials and Structures ^ by John Anderson, C.E. 
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shafting across some open space — as, for in- 
stance, fromf a fitting-shop to a foundry — where 
it cannot conveniently be provided with inter- 
mediate support, so that the shaft must be made 
in one continuous length. In such cases much 
additional strength may be given to it by the 
system oi trussing^ ^ormim Fig. 197, a series 
of tie rods being so arranged that each in turn 
is thrown into tension as it is brought to the 
lowest point by the revolution ofthe shaft. 
In the case of horizontal shafts (and the 

trussed shaft shown 
in the figure, as well 
as all the others 
which we shall have 
to speak of here, are 
horizontal), the bear- 
ing portions upon 
which they revolve 
are commonly called 
journals. These in 
general — when at 
least the shafting is 
*• bright ' or turned 
throughout — do not 
differ from other por- 
tions of it either in 
diameter or in truth of surface. When, however, 
the main portion of a shaft is left rough or * black,' 
the turning down which is necessary at the bear- 
ing reduces the diameter of the journal, as 
shown at a. Fig. 198. The effect of this — ^when 
at least the length of the reduced portion does 
not exceed the width of the bearing which sup- 
ports it — is to prevent any endlong motion on 
the part of the shaft, which of course is not re- 

u ^ 





Fig. 198. — ^Journals. 
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quired. But in a long length of shafting some slight mo- 
tion in this direction must be possible, since the expansion 
or contraction which takes place with every variation in 
the temperature would cause undue pressure against one 
shoulder or the other at the points of support It is, 
therefore, necessary to allow some liberty at all except one 
of these points, the travel at this one being prevented in 
the case of bright shafting by collars, either simply shrunk 
on as at b, or — which is much better — forged out of the 





Fig. 199. — Bracketed). 



Fig. 20a— Wall-Box {^ 



substance of the shaft itself, and turned with the internal 
angles rounded, as at c. The form which this journal fre- 
quently assumes when it occurs at the end of a line of shaft- 
ing will be found in Fig. 204, one of the collars in this case 
being extended in length to form a boss, upon which either 
a drum or toothed wheel may be keyed. 

Our shafting is now coupled up, and at its extremity or at 
some one point in its length it is provided with a journal 
resembling one or other of those just mentioned. We have 
now to support it either from the cast-iron columns, or the 
wall of the -workshop, or, perhaps, from the beams of the roof. 
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In either of the two former cases we make use of a cast- 
iron bracket, such as Fig. 199, varying its form according to 
fancy, or to suit any special case. For giving a firm footing 
to this, our column should have upon it a projecting snug (s), 
on the upper surface of which a wedge (w) enables us to ad- 
just its height with accuracy. Two bolts only, which pass 
completely through the column, are then required for holding 
the bracket perfectly firm, chipping fillets (f, f, f) running 
across the back of it, providing us with a ready means of 
fitting it to the irregularities of the cast-iron surface. In a 
similar manner a bracket can be attached to a wall, a piece 
of hard wood packing being then fitted to the much greater 
inequalities of the brickwork, and the bolts which are passed 
through it having large cast-iron discs or wail washers under 
their heads for the purpose of distributing the pressure. 

In our engravings of the countershafts. Figs. 206 and 207, 
will be found examples of a pendent bracket^ for the support 
of a shaft from an overhead beam, and of a wall bracket. 

In its course, however, a main line of shafting not unfre- 
quently encounters a wall running in a different direction to 
its own, as at w, in the plan at the conunencement of the 
present chapter. For supporting it under these conditions 
the anangement known as a Wall Box is required. This — 
which is little more than a rectangular cast-iron frame of 
suitable depth — is secured by being built into the wall, as 
shown in the illustration on the opposite page, (Fig. 200). 

The shaft, however, does not rest directly upon any part 
of either the wall-box or the bracket. In each case a 
Plummer Block is provided for its reception, of which the 
object, when used either for the shafting of a workshop or 
for any of the verv numerous other revolving shafts for which 
it is employed, is, first, to diminish as much as possible the 
friction between the moving surfaces : secondly, to transfer 
the wear from the journal to the more easily renewable 
* brasses' in which it runs ; and thirdly, to afford the means 
of adjusting these as the wear takes place. In Fig. 201, a 
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front and also a side view of a plummer block is represented, 
together with a portion of a wall plate upon which it may be 
conveniently fixed. With the* exception of the upper and 
lower brasses b and b' and the four bolts (two of which may 
be dispensed with by the arrangement shown in Fig. 199), 
the whole of the plummer block is of cast iron, its lateral 
adjustment being provided for by keys driven in between 
the extremities of its base and the snugs upon the wall 
plates. Similarly the height can be varied by increasing or 








reducing the thickness of wood packing below it As the 
brasses become worn they can also be adjusted, the lower 
one by introducing thin * liners ' of tin plate, the upper by 
bringing down upon it the cast-iron cap ; their inclination to 
revolve with the shafting being resisted by giving an octa- 
gonal form to the opening in the plummer block, or by other 
convenient means. It must not, however, be supposed that 
the * brasses ' are necessarily made of brass : gun-metal is a 
better and much more usual material for them ; and the 
friction may be still further reduced by lining them with 
Babbitts or some similar * white metal,' which is very largely 
employed for engine bearings and for other work of a more 
highly-finished character than that with which we are now 
dealing. 

But the ease with which the journals of a shaft revolve in 
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their bearings depends as much upon the quality and suf- 
ficiency of the lubricating material with which they are 
supplied, as upon the metal of which each is composed; and 
this brings us to a subject of such importance in connection 
with machinery of every kind, that we shall be amply 
warranted in digressing for a moment to consider it 

First as to the lubricants themselves, with respect to which 
it may be accepted as an axiom, that the fluidity should be 
less or more in proportion as the pressure between the 
surfaces to which they are to be applied is heavy or light 
For their effect appears to be to prevent any pair of surfaces 
from coming into actual contact, by interposing between 
them a thin film of their own substance. But whenever the 
lubricant is too thin or the pressure too heavy, this film is 
pressed out, and some portions at least of the surfaces are 
brought into contact, adhesion and consequent * cutting * or 
* scoring ' of the surfaces being the inevitable result The 
fact of the adhesion of clean polished surfaces is well known ; 
/—two pieces of plate glass, for instance, when once they 
have been brought into absolute contact by pressing out the 
film of air between them, being not only incapable of sliding 
upon one another but even of being forced asunder ; and 
a pair of accurately made external and internal cylindrical 
gauges furnishing a similar instance. When these are of 
equal diameter the external will not pass through the internal 
gauge, if both be perfectly clean and dry, and, if pressed into 
it, cohesion sometimes takes place between their surfaces, 
and no available amount of force will separate them. But a 
single drop of fine oil, placed either upon the external or the 
internal gauge, enables the former to pass easily and smoothly, 
the force of the capillary attraction apparently compressing 
the steel to a sufficient extent to enable the minute film of 
oil to insinuate itself everywhere between the surfaces. 

The effect of adding a drop of oil to a pair of gauges, of 
which the external is of slightly smaller diameter than the 
internal one, may also be mentioned, as, although at first sight 
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paradoxical, it proves the necessity of lubrication under op- 
posite conditions. With a difference between them of only one 
1 0,000th of an inch, these, when dry, pass each other so 
loosely as to appear not to fit at all. But a drop of fine oil, 
applied as before, causes them to fit together with moderate 
tightness, and by using a thicker oil they would undoubtedly 
appear to fit more tightly still 

Besides bei.ig of proper consistency, however, it is im- 
portant that lubricating oil should not be readily liable to 
change on exposure to the air. For the following list, in 
which the principal oils which are adapted for the general 
purposes of engineering workshops are placed in order of 
merit, we are indebted to Sir William A. Rose, of Upper 
Thames Street : — 

1. Sperm oil. — The best which can be used for general machinery, 
more especially when accurately fitted and running at a high speed or 
under a light pressure. It is to be regretted that its greater cost fi-e- 
quently causes inferior oils to be substituted for it. 

2. Trotter oil. — For general machinery. 

3. Rape oil. — For heavy machinery. Not to be recommended for 
high speeds or light pressures. 

4. 'Journal oil.' 

5. Lard oil. —A tolerably good substitute for sperm oil for light 
machinery. 

6. Neatsfoot oil. — Mixed with tallow this may advantageously be 
employed for lubricatmg steam pistons and other moderately-heated 
machinery. 

7. Olive oil. 

8. Palm oil. — A compound of this with animal fats is used for rail- 
way axles under the name of Palm railway grease. 

9. Seal oil ; also Whale oil. 

Next, as to the best methods of applying the oil; a 
problem by no means easy of solution in the case which we 
have been considering— namely, that of a line of shafting 
running in a series of bearings which are often in somewhat 
inaccessible positions. Some kind of apparatus, capable of 
delivering a small and constant supply, therefore becomes 
essential, so as to guard as much as possible against the 
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power being uselessly expended in heating the bearings — 
which ij the certain result of allowing the supply of lubri- 
cant to fail A simple but not very effective plan is to cast 
a cup at the top of each plummer block, a small oil-hole 
running from -the bottom of this through the cap and the 
upper brass to the journal. Such a cup appears in Fig, 201, 
In it is placed a piece of sponge, which readily sucks up the 
oil poured into the cup, and delivers it up again but slowly 
through the oil-hole. 

As an improvement upon this, the Syphon Lubricator was 
introduced, in which the opening of the oil-hole is no longer 
■ at the bottom of the cup, but is brought almost or altogether 
up to a level with the top of it, by fixing into the aperture 
a short piece of tube, or otherwise. An ordinary cotton wick, 
of which one end is passed down the tube and oil-hole, and 
the other hangs oier into the cup, then 
draws the oil over slowly and continu- 
ously, and delivers it into the beaxmg 
For marine engines, and other machmery 
in which the motion is continuous for 
long periods, this method answers ad- 
mirably , but for shaftmg, &.c , which is 
running onlv for a portion of each day, 
the waste of oil dunng the idle hours is 
a great objection 

A much more ingenious arrangement 
is that known as Lieuvain's Needle Lu- 
bricator, one form of which is represented Lub^c^o^jiT" 
in Fig. 202 The oil is placed m a strong 
glass bottle, the neck of which is then stopped with a wooden 
plug. Through this plug passes the 'needle' — a piece of 
iron wire — fitting very loosely into the hole in the plug, 
which is bushed with brass. The orifice of the oil-hole in 
the bearing being enlarged to admit the outer end of the 
plug, the entire lubricator is then turned over into the posi- 
tion shown in the present engraving, and also in that of the 
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bracket and pluramer block (Fig. 199). The needle at 
once drops down upon the journal, the rotation of which 
imparts to it a slight but continual vibration, which causes 
the oil to creep slowly down into the bearing as long as the 
motion continues, but stops the supply directly it is brought 
to rest A brass box with a glass 'skylight' is sometimes 
substituted for the bottle, but for shop shafting the latter is 
preferable, as the quantity of oil contained in it can be more 
readily perceived. 

Returning now to the general question of the distribution 
of the power, let us examine the arrai^ement for drawing off 
from the main stream the successive portions of it required 
for serving the various tools in its neighbourhood. For 




many of them it suffices to place opposite to them upon the 
main shaft a Driving Drum, such as that shown above, in 
the left-hand portion of Fig. 203. A leather belt, rurming 
round the periphery of this and round a similar drum upon 
the machine which is to be driven, enables the power to be 
delivered with but trifling loss at any point within about 
30 feet of the line of shafting. In the plan, Fig. 195, the 
grindstone G is driven in this way — 'direct' as it is called — 
thus receiving from the main shafting whatever power it may 
require, just as that in turn obtained it from the crank-shaft 
of the engine. The reader is now too familiar with the 
■vstem of 'keying' to be for a moment at a loss how to attach 
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the drum securely to the shaft: we will, therefore, only 
mention, in connection with the first of the two represented 
in the accompanying diagram. Fig. 203, that in order to 
diminish the risk of fracture in casting, to which the edges of 
such thin castings are liable, the arms are frequently curved, 
as indicated by the dotted lines, instead of being made 
radial. The other drum shown in the figure is known as a 
Split drum, and it possesses this advantage, that it can be 
attached at any point in a long line of shafting without 
necessitating its removal. By so proportioning the size of 
the aperture through the boss that the act of bolting together 
the two halves of the drum causes it to clip the shaft suffi- 
ciently firmly, the key may often be dispensed with. The 
slightly convex form of the face which appears in the section 
might perhaps be thought to be ill adapted for preventing a 
belt firom rimning off at the edges. For reasons which will be 
found elsewhere in this series,^ it is found, however, to be 
better than any other, and it is the form almost invariably 
given to a * single ' drum, or one upon which one belt only 
is to run without change of position. The width of a drum 
of this kind should be about one-fourth greater than that of 
its belt 

When the duties of a belt and drum are exceptionally 
heavy, as in driving a long line of shafting, or when it is 
necessary to affix to it a toothed wheel for the same purpose, 
it is advisable to enlarge the shaft at the point of attach- 
ment, and to have recourse to keying in the ordinary way, 
as shown at a, Fig. 204. If requisite, other unsplit drums 
can still be introduced upon the shaft, the method of 
* staking ' shown at b enabling them to be secured concen- 
trically, although their bosses must of course have been bored 
out to a considerably larger size in order to pass over the 
enlargement. 

For the belting, by which the last stage of the connection 

' The Elements of Mechanism : Professor Goodcve, p. 9. 
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between the prime mover and the several machine-tools is 
established, various materials — such as canvas and india- 
rubber, gutta percha, Manilla and other vegetable fibres — 
have been employed ; but for this purpose it may be safely 
asserted that there is nothing like good leather, to which, 
therefore, we will confine ourselves. 

The size of a leather belt must of course depend upon 
the amount of power which has to be transmitted by it, or 
rather by its * leading side,' for one half of it only — ^namely, 
that which is moving towards the driving-shaft — is in action 
at once, and it is along this only, and not along the * follow- 
ing side,' that the power is, as it were, flowing. The greatest 
tension (or pull) which can be brought upon this side by the 

A B 




Fid. 204. — Methods of Keying and Staking. 

action of the machine, together with that upon the following 
side due to the stretching of the belt over the drums, 
fiimishes us with a guide as to the sectional area of leather 
required in each case ; 40 lbs. per inch in width for each 
eighth of an inch in thickness being about the greatest strain 
at which it may be worked with safety. But as the thickness 
must depend upon that of the hides firom which the belting 
is cut, and this varies only from about ^th to ^th of an inch, 
it becomes little more than a question of what width is to be 
employed, and whether the belt shall be single or double. 
Examples of the joints used in building up both of these 
kinds, from any requisite number of short strips, are given 
in the diagram (Fig. 205), for the strips, being cut straight, 
cannot, of course, exceed the length of the hide which )delds 
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them. Another kind — * ridged belting ' — is also there re- 
presented, the object of the ridges being to prevent undue 
stretching of the edges, a defect to which wide single belts 
are liable. 

We have now the means of conveying the requisite power 
to our machine-tools, and as far as the speed and the 
direction at which they are driven are concerned, we can 
vary the first within considerable limits by making the 
driving-drum upon the shafting larger than that upon the 
machine (or vice versd)^ and the second by either crossing 
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Fig. 205. — Joints of Leather Belting (J). 

or not crossing the belt in its passage from one to the other. 
With the simple addition of a * loose 'or * idle ' pulley, to 
enable the tool to be brought to a stand without stopping 
the main shafting or throwing off the strap, this indeed is 
sufficient in the case of many machines, as, for instance, 
those for punching and shearing ; but when it is required 
either to have the means of readily adjusting the speed 
or changing the direction, an intermediate or countershaft 
becomes necessary. An example of one of these in its 
simplest form — ^ready adjustment of the speed only being its 
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object — ^will be found in the drilling machine represented in 
Fig. 1 6 1, where it is attached to the lower part of the fram- 
ing. They are however more usually placed overhead, as in 
the case of the lathe in Fig. 195, since belts cannot be worked 
with advantage when the distance between two shafts is 
very small. But when once we are provided with a counter- 
shaft, then, by merely increasing the width of its loose pulley 
(l), and introducing another one, (l'), in the manner shown in 
the annexed diagram (Fig. 206) — z. second drum, or one of 
greater width being also placed upon the main shaft — we are 
enabled to drive it at will, either in the same or the reverse 
direction. For by passing over the loose pulleys two 
separate belts, one of which is crossed and the other not 
crossed, they are made to revolve constantly in opposite 




Fig. 306. — Countershaft for Reversing (^). 

directions, and although neither of these is capable of 
imparting motion to the countershaft, it can be instantly 
thrown into action by transferring one or other of the belts 
to the narrow fast pulley between them. With this object 
each belt is made to pass through a * fork ' just before it 
reaches its pulley, and these being attached to a sliding 
bar, which by sufficiently obvious means can be moved 
either to one side or the other, enable the countershaft — 
and with it the lathe or other instrument driven by it — to 
be set in motion either backwards or forwards, or to be 
brought to rest by the mere movement of a handle. 

A slight ifurther alteration renders the speed unequal in 
the two directions, and gives to the countershaft the means 
of providing a screw-cutting lathe, or any other tool, with 
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a * quick return.' The pulleys which give the backward or 
return motion are then made of much smaller diameter 
than the others, as in Fig. 207, whilst the size of the drum 
on the shafting from which the crossed belt passes to them 
is correspondingly increased. In the diagram the two fast 
pulleys are marked f and f', one of each size being now 
required, and the loose pulleys are indicated by the letters 
L and l'. Whether each of these is made in two parts, as 
in the figure, or in one, as shown in Fig. 206, is only a 
question of convenience in manufacture. 

The determination of the relative diameters of the drums 
and pulleys which will be required for driving any particular 
machine presents no difficulty, provided we know, in the 
first place, the speed at which the main shafting revolves, 
and secondly, that which it is most advantageous to impart 




Fig. 207. — Countershaft for Quick Return (^). 

to the tool or the work. Their actual sizes are limited, on 
the one hand by the circumstance that when the driving 
drum is very large its weight becomes objectionable, and 
on the other, that when a pulley is very small, its surface is 
insufficient to prevent the belt fi*om slipping, unless, at 
least, the speed be very high, or the power transmitted by 
it be inconsiderable. 

The former of these — namely, the speed of the shafting — 
is assumed by engineers' tool makers to be 100 revolutions in 
a minute, and the driving apparatus ordinarily supplied with 
any machine-tool is therefore so proportioned as to give such 
an increase or reduction of this speed as shall be suitable for 
the work to be performed by it Cone pulleys, to which 
attention has been already called on more than one occa- 
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sion, are also introduced whenever it is necessary to have 
the power of varying the rate of speed, and that this is 
necessary in the case of such instruments as the lathe will 
be easily imagined. For not only does the variable diameter 
of the work produce great differences in the length of it 
upon which the tool is made to act in any given space of 
time, but the diflferent degrees of hardness of the materials 
which have to be treated make it exceedingly desirable to 
have the means of varying the motion accordingly. The 
following are the approximate speeds, expressed in lineal 
feet per minute, at which metal work generally is most 
advantageously turned or planed :— Steel, 12 ft ; cast iron^ 
18 ft ; brass, 20 ft \ wrought iron, 24 ft Dividing these 
by the number of feet in the circumference of any piece of 
work which is to be turned, we of course obtain the number 
of revolutions at which it is desirable that the mandril should 
be driven. With wood the surface speed per minute may 
be sometimes as high as 2,000 feet (and even 3,000 feet per 
minute when the tool instead of the work receives the 
motion), and it is probable that those ^ven above for metal 
might be much increased but for the great heat produced, 
which endangers the temper of the tool. 

In order to assist in carrying off the heat, and also to 
reduce the friction between the face of the tool and the 
newly-cut shaving, copious lubrication is always desirable 
in working steel or wrought iron in the lathe or planing- 
machine, although for cast iron and brass, of which the 
shavings break up instead of curling, the same necessity 
does not exist, and these are treated in a dry state. The 
ordinary lubricant in such cases is a mixture of soap and 
water, or a weak solution of common (carbonate of) soda 
may be used, since this likewise restrains the rusting action 
of the water. But coarse kinds of oil, such as whale and 
seal oil, or mineral oils from petroleum, &c., are preferred 
for some purposes, — amongst which may be mentioned screw 
cutting by means of taps and dies. 
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Returaing for a few moments to the plan in Fig. 195, it 
should be noticed that the main shafting does not always 
run in a single straight lire throughout the workshop, nor 
even in two or more parallel lines, although this last is by 
no means an uncommon arrangement At the top of the 
%ure is a cross-shaft, at right angles to the main shaft (s), 
from which the motion has to be imparted to it As there 
shown, this is done by means of a pair of bevil wheels (b), 
but when a small amount of power only is to be transferred 
from one shaft to another running in a different direction, a 
leather belt may be employed, in the manner explained in 
Professor Goodeve's work.' For this, however, there must 
be considerable difference of level between the shafts. 

It is generally desirable to have the power of disconnect- 
ing some portion of a line of shafting in a more rapid 
manner than by taking 
off a coupling. This 
can be done by means 
of what are known as 
Clutches. These often 
consist of merely a pair 
of circular boxes, with 
corresponding projec- 
tions cast upon their 
adjacent faces. These 

are placed upon the shafting atthe point of junction between 
two of its lengths, and are so arranged that one can be slid 
either into or out of contact with the other. The shock with 
which the revolving box engages with that which is at rest 
constitutes the chief objection to them, and this is com- 
pletely obviated by the forms represented in Figs, 208 and 
209. In the first of these, the Cone Clutch, the connection 
is established by pressing one half, which has an external 
conical surface, into the other, which is hollowed and coned 




Fig. joB.— Cone CluKh. 
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internally, the friction between these surfaces being sufficient 
to cause them to revolve together. In this there is a slight 
waste of power, on aocount of the friction of the collar which 
runs in the groove g, by which, through the medium of a 
■ lever attached to it, the sliding cone is continually being 
pressed into the hollow whilst the clutch is in action, 

Weston's Friction Clutch is of more recent introduction, 

and is said to possess great advantages. The surfaces from 

which the friction is obtained 

are much larger in area, being 

afforded by the flat sides of a 

series of discs, which are made 

iJp^BpMriiMMHpBMi alternately of iron and elm- 

^iQ-^'Lj^"[{r|l .rjfj f-J wood. In the section of this 

ijl ri';'li U'jiiy, Clutch, Fig. 209, the latter 

are marked a, and revolve with 

Wesim'i FriKiiMCiutdi (A)- ^^ ^''^ *> "^^^^ ^hc formcr 

are marked b, and are keyed 

to the shaft B. As here arranged, the clutch is kept always 

in gear by a series of spiral springs, which are drawn back, 

when the connection is to be broken, by a lever acting upon 

the collar c. 

The points in the main shafting at which clutches can be 
most advantageously introduced, and by consequence the 
extent to which the wear and tear, and the absorption of 
power in such portions as would otherwise be ' running 
idle,' may be saved — for no system of transmittii^ power 
with which we are acquainted is entirely free from leakage — 
must depend upon the general arrangement of the workshop 
and the disposition of the tools which it contains. For these, 
however, no absolute rules can be laid down, since each 
case must in great measure be governed by its own special 
requirements. To give to the subject the best possible 
attention in the first instance, will be found in the long 
run to be the only course which is consistent with true 
eomomy. 
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S-incA Lathe [Centre i6J) ; Screw, 3 Threads per Inch. 

The small figures over the numbers denote grooves in ^Radial Arm or Tangent 
Plate. The two niunbers in one column denote double studs or pinions. 



Threads 




Left Hand Screws 




Kight Hand Screws 




Per 
inch 
















Spindle 


Stud 


Stud 


Screw 


Spindle 


Stud 


Stud 


Stud 


Screw 






3 


3 






1 


3 


3 




I 


30 


80 


20, 60 


30 


30 


3S 


40 


20, 60 


30 






3 


3 






1 


3 


3 




I* 


30 


75 

1 


20, 60 
3 


4^ 


30 


40 


30 

3 


20, 60 


45 


3 


30 


60 

1 


70 
3 


20 


30 




120 

3 




20 


2* 


30 


50 
1 


70 
3 


2S 


30 




120 
3 


« 


25 


3 


30 


SO 
1 


6s 

3 


30 


30 




no 
3 




30 


3i 


30 


SO 

1 


6S 

3 


3S 


30 




no 

3 




35 


4 


30 


SO 


60 


40 


30 




no 


• 


40 






1 


3 








3 






4i 


30 


50 

1 


60 

3 


45 


30 




no 
3 




45 


S 


30 


4S 
1 


60 
3 


SO 


30 




no 
3 




SO 


S\ 


30 


4S 

1 


60 

3 


ss 


30 




100 
3 




55 


6 


30 


4S 
1 


3 


60 


30 




100 
3 




60 


6i 


30 


60 

1 


4S 
3 


6s 


30 




100 
3 




65 


7 


30 


50 

1 


4S 
3 


70 


30 




90 
3 




70 


8 


30 


50 
3 


4S 

1 


80 


30 




90 

3 




80 


9 


30 


SO 
3 


40 

1 


90 


30 




80 

3 




90 


10 


30 


SO 
3 


35 
1 


100 


30 




80 
3 




ICO 


II 


30 


SO 
3 


27 

1 


no 


30 




70 
3 




no 


12 


30 


SO 

3 


27 
1 


120 


30 




70 


1 


120 


13 


30 


60 
3 


SO. as 

1 


6S 


30 






65,60 

1 


120 


14 


30 


6S 

3 


3S. ao 

1 


80 


30 






70, 60 
1 


120 


IS 


30 


60 
3 


SO, 25 
1 


7S 


30 






7S, 60 

1 


120 


z6 


30 


60 
3 


40, 20 

1 


80 


30 






80, 60 
1 


120 


t8 

1 


30 


60 


4S. 20 
1 


80 


30 






90, 60 
1 


120 


20 


30 


60 


SO, 20 


80 


30 






100, 60 


120 






3 


1 






3 


1 


1 




24 


30 


SO 


60, 20 


80 


30 


3S 


21 


60, 20 


80 



INDEX. 



ADZ 

A ^^h^'^A 

JrX. — hand, 39 
Anele<chuck, 203, 215 
Archimedian drill stock, 

90, 9x 
Arkansas oilstone, 72 

See Oilstone 
Auger, shell, 60, 6z 

— screw, 6x 
Axe, 38 

— side-axe, 38 



BACKSTAY, meta or 
wood, Z58, Z59 
Baily, his standard, 9 
Base-plate, 2x1 
CeU-chucks, 159, 201 
Belting, 390, 300 

— leather, 30X 

joints of, 30X 

Bench shaping machine, 

250 

— waging tools, 255 

— Whitworth's quick re- 
turn for shaping ma- 
chine, 2M 

Bevel, sliding, X23, 124 
Bevel-wheel drill-stock, or 

brace, 9X, 92 
Bilston grit-stone, 68 
Bird's standard, 7 
Bitt, brace and, 62 

— centre, 63 

— countersink, 64 

— expanding, 64 

— nose, 63 
—.plug, 63, 64 

— quill, 63 

— screwdriver, 64 

— spiral, 64 

— spoon, 64 

— taper or rimer, 64 
Bohemian grindstone, 68 
Boring-collar, 161, 162 

— gun-boring bar, 331 



BOR 

Boring, horizontal boring- 
macnines, 328, 229 

— tools for, 58, 227 
Brace and bitt, 6x 

— ratchet, 93, 94 

— smith's, 9X, 93 
Bracket for shafting, 292 

— pendent, 293 

— wall, 393 
Brad-awl, 58 

— action of, 58 
Broach, or rimer, 94 



CALLIPERS, 30 
— sliding, 3x 

— turner's, 155 
Canada oilstone, 72 
Carriers, x 5 7, 158 
Cast-iron siuface- plates, 

X39 

— works in, 76 
Centre-bitt, 63 

— expanding, 64 
Centreing punch, 157 

— square, 156 

Change wheels, table of, 

307 
Chamley Forest stone, 

72. 
Chasing-tools, xsx 
Chipping chisel, 76 
Chisel, chipping, 76 

— cross-cut, 77 

— flofifging, 78 
Chisels, 40 

— - and gouge, 149 

— cross-cut, 77 

— firmer, 40 

— flogging, 78 

— in wood-turning, 149 

— mortice, 4X 

— socket, 40 
Chucks, 154 

— angle, 303, 3x5 

— bell, 20X, 303 



CUT 

Chucks, chuck-wrench, 
x6o 

— cone, 30X, 303 

— cup-chuck, X5^ 

— dog and driver, or 
driver and carrier, X57 

— drill-chuck, x6i 

— eccentric, 162, X63 

— fork-chuck, 154 

— four-jaw, 159, 201, 
202 

— geometric, X76 

— oval, 164 

— rose-eneine. 176 

— screw-<3iuck, xs6 

— scroll-chuck, xs7, 159 

— slide rest, 166 

— traversing mandril, 177 

— vice-, 215 
Circular cutters, 177 

— shears, 287 

— tool-holder, 169 
Clamps, X25 ^ 
Clement's driver, 303 
Clutch, cone, 305 

— ^Weston's friction clutch. 

306 
Clutches, 305, 306 
Compass-saw, 5X, 53 
Cone-chucks, X59, sox 
Cone dutch, 305 
Corundum-wheels, X09 
Cotter files, 80 
Countershafts, 390, 30Z 

— for quick return, 303 

— for reversing, 30a 
Countersinks, 64 

— metal, 64 

— rose, 64 
Cramp, 91 
Cross-cut chisel, 77 
Cutter,. circular, X77 
Cutter-nolders, 170, 171 

— improved, sox 

— revolving, 173, 173 
Cutting nippers, X07 
—pliers, 107 
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DIA 
•pv lAMOND- POINT, 

Diamond-pointed graver, 

152 
Diamond-point tool for 

slotting machine, 260 
Double-geared headstock, 

x8x 
Draw-knife, 42 
Drill-chuck, x6x 
Drilling machines, 204 

— base-plate, 2x1 

— Bodmer's drill-feed,2xo 

— capabilities of drilling 
machines, 320, 221 

— circular pillar drilling 
ma(^ine, 21^, 2x4 

— common dnil and pin- 
drills, 32X 

— compound and swing- 
tables, 2x2 

— finidung, 227 

— fork, 226 

— multiple, 222 

— rack-feed, 21 x 

— radial, 216-221 

— section of drill-spindle, 
306 

— single-geared, 205 

— slot, 225 

— ' — tools for, 226 

— wall-drill, 208 

— Whitworth's drill-feed, 
209 

Drills, 8s, 87 

— Archimedian drill- 
stock, 90, 91 

— bevel-wheel drill-stock, 
or brace, ox, 92 

— bow-dnll, 89 

drilling with bow- 
drill, 90 
stocks, 89 . 

— breast-plate, 90 

— cutting portions of 
various kinds of, 87 

— fluted, 88 
-— twist, 88 

Driver and carrier, 157, 
158 

— Clement's, 203 
Driving drums, 298 
Drum, driving, 298 

— split, 390 
Duplex-lathe, X87 

— planing machmes, 248 

— slide-rest for, 199 



ECCENTRIC chuck, 
162, X63 
— patterns, 163 
Edge planing machine, 
364 



EDG 

Edge-tools, grinding. 65 

Emery as an abraave sub- 
stance, X08 

Emery-cloth or emery- 
paper, X09 

Emery, kinds of emery 
powder, X09 

Emery or corundum 
wheels, 109 

Emery-sticks, 109 

Emery-wheel, 67 

Engineer's workshop, part 
plan and section of the, 
288 

Engine-turning, ornamen- 
tal, X4S 



FACE, or surfacing, 
lathe, X93 
Face-plates, X59, 20X 

— clamp for, 20X . 
File-brush, X40 
File-cutting by hand, 85 
File, three-square, 54, 78 
Files and rasp, 78 

— cant, 8x 

— cotter, 80 

— cross or crossing, or 
double half-round, 8x 

— double-cut, 83 

— equalling, 80 

— feather-edge, 8x 

— flat, 80 

— float-cut, 83 

— frame-, or pit-saw, 8x 

— guUetting, 8x 

— half-round, 8x 

— hand, 80 

— high-back and flat- 
back, 8x 

— hints on the use of, 
X37;-X40 

— knife-edge or knife, 8x 

— mill-saw, or topping, 80 

— parallel hand, 80 

— pillar, 80 

— rasp, 78 

— rasp-cut, 83 

— rat-tail, 8x 

— riflers, 83 

— round, 81 

— rubbers, 8x 

— sections of, 80 

— shape of, 78, 79 

— superfine, 84 

— taper flat, 80 

— three-square, 54, 8x 

— various kinds 01 cut of 
files, 82 

Filing, saw-, 55 

— saw-teeth, 56 
Finishing driu, 337 



HEA 

Firmer chisel, 40 
Flogging chkels, 78 
Foot-lathes, X4x 
Fork-chuck, 155 
Forked drill, tool for, 326 
Four-jaw chuck, 159,301, 

303 



GAS-THREADS, 104 
Gauge, Belgian zinc, 

— Birmingham wire and 
plate, 33 

— difference gauges, 35 

— external and internal 
gauges, 37 

— flat gauge, 39 

— > stepped gauges, 28 

— table of the principal 
wire and plate gauges» 

— uiousandth guage, 30 
sliding, 3x 

— ten-thousandth measur- 
ing machine, 32-35 

— V-gauge in usem the 
mint, 33 

Geometric chuck, 176 
German hone, 73 
Gimlet, plain, 60 

— tvristed, 60 
Glass-paper,or glass-cloth, 

Gouge, carpenter s, 41 
Gouges, for wood-turning, 

Graham's standard of 

length, 7 
Graver in wood-turning, 

152 

— diamond-pointed, X53 
Grecian hone, 73 
Grindstones, 66 

— Bilston, 68 

— Bohemian, 68 

— grindstone with slide- 
rest, 263 

— method of hanging, 
363 

— others, 68 

Guide screwing-stock, loi 
Gun-boring bar, 33 x 



HAND-FILES, 80 
Hand-saw, 51 
Hand-tools used for 

metals, 75 
Hardening and temper- 
ing tools, XX2 

Headstocks, double- 

geared, i8x, 183 
— of lathes, fast, 144 
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H£A 

Headstocks of power 
lathe^ x8x, 183 

— section of, 145 
Heel-tool, 152, 153 
Hobs, xoa 
Hones, 68 
Hook-tool, or right-angle 

tool, for slotting, 261 
Horns of planing ma- 
chine, 236 
Hydraulic bear, 366, 267 

— shears, 268 



TACK-IN-THE-BOX, 
J or Tim Crow, 245 
Jack-Plane, 43* 
Jacquard machine of 
Messrs. Roberts & Co., 

279 
Journals, 291 



KERF. 55 
Keyway-tool for 
slotting-machine, 260 



LAP, iron or copper, 
67 
Lathe, oack centre, 185 

poppet, X46 

shaft, 186 

— beds, 147 

— centreing punch, 157 
square, 156 

— change-wheels, 184 

— chasing tools, 151 

— clamp for face-plates, 
201 

— cone-chuck, 201 

— cup-chuck, 154 

— cutter-holders, X7X 

— double-geased head- 
stock, x8x, 183 

— drill chuck, 161 

— eccentric chuck, 162 
^ feice or surfacing, 186, 

— face-plate, four-jaw 
chuck, and bell-chuck, 
aoT 

— foot, I4X, X44 

— fork-chuck, xs^ 

— hand-tools, diamond- 
pointed graver, 152 

— — - dog and driver, or 
driver and carrier, 1 57 

for iron, &c, X53 

^bee)-tool, 153, 154 



LAT 

Lathe, hand tools, scroll- 
chuck, 1^7 
tool-holder, 153 

— headstock, X44 

— improved cutter^holder, 
201^ 

— inside screw-tool, 151 

— lathe-bands, X48, X49 

— oval chuck, 164 

— outside screw-tool, 151 

— pole, X41, 142 

— power, X78 

— rack-traversing, x86, 
x88, 

^ radial arm or tangent- 
plate, X85 

— rest, 14s 
—screw-cutting gap lathe, 

x8o^ i8x 

— self-acting, x86 

— self-acting, surfacing, 
and rack-traversing 
lathes, x86 

— slide-rest, x^^ X67 

— slide-rest tools for 
power lathes, 200 

-" sliding break, X91, 192 

— sliding-break lathes, 
xpx, X92 

— xo-inch duplex, X87, 

^99, 
Length, measures of, 6 
Link planing machines, 

249 
Lubricants, 295 

— list of the principal 
oils, 296 

T— needle lubricator, 297 

— syphon lubricator, 297 



MACHINE tools, on 
the distribution of 
the motive powerto,287 

Mallet, 4x, 42 

Master tap$, xox, 102 

Measure of length, 
British, 6. * Line ' i 
measure, and ' end ' 
measure, X3 

Metal scraper, 108 

M^tre, length of the. xx 

Metric scales, X2 

Milling tools, 177 

Millionth measuring ma- 
chine, X4 

Mill-saw, or topping files, 
80 

Mitre-planes, 48 

Mortice chisel, 41 

Mouldingrplanes, 49 

Multiple drilling ma- 
chines, 2S3 



PLIT 

NEEDLE lubricator, 
Lieuvain's, 297 
Nippers, cutting, 107 



OIL used for the. 
lubrication of ma- 
chinery, 73 
Oil-slips, 70 

— kinds of, and hone, 71 
Oilstone, 68, 71 
Oval chuck, X64 



PARTING-TOOL,T49, 

— for slotting machine, 
260 

Pendent bracket, 293 
Pillar drilling macnin^ 
circular, 2x3 

— double-geared, 2x4 
Pillar files, 80 

Pin drills, 222 
Pitch, common, 46 

— York, middle and half, 

PlSe. brass, 48 

— jack, 43 

— moulding, 49 

— plane-iron, 44, 45 

— plough, 49 

— rebate, 49 

— setting a plane-iron. 70 

— single and double-iron 
planes, ^5 

— smoothmg, 44 
Planing machine, 232, 233 

— diagram of feed motion 
and reversing gear, 240 

of link planing ma- 
chine, 249 

of sections of planed 

surfaces, 255 

•— duplex planing ma- 
chine, 248 ^ 

— edge planing machine, 
246 

— horns, 236 

— planing tools, 355 

— quick-retium gearing, 

23s 

— revolving tool-holder, 

— stepped rack, 241, 242 

— tool-holder, 237, 238 

— Whitworth's reversing 
gear, 243 

Planometer, or surface- 
plate, X20 
Pliers, cutting, X07 
Plough, 49 
Plug-bitt, 63, 64 
Plug tap, 96 
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PLTJ 

Phimmer block, 393, d^ 
Pole-lathe, 141 
Punch, centreing, 15^ 
Punches, 105 
Ptmching bear, 107, xo8 
-^ combined punching 

and shearing machine, 

973-278 

— fly press, 209 

— form and proportion of 
punch and die, 281 

•^ hydraulic bear, Z07, 
X08, 266, 267 

— lever punching ma- 
chine, 270-272 

— machinery, 265 

— midtiple punching ma- 
chine, 278 

— pressure required for 
punching, 283 

— section of punch and 
die, 283 



RACK-FEED, 2XX 
Rack-traversing and 
surfacin^^ lathe, 189 ^ 
Radial drilling machine, 

2Z6-22X 

Ransome's grindstones, 68 
Rat-tail files, 8x 
Rebate-planes, 49 
Rest of a lathe, X45, 147 
Revolving cutter-holder, 

X72, 173 

Right-angle, or hook, tool 
tor slotting machine, 26X 

Rimer or broach, 94, 95 
- taper-bitt, or, 64 

Rose-engine, 176 

— pattern, X76 

Round-edge tool for slot- 
ting, 260 

Round files, 8x 

Round-tool, X50 

Rule, two-foot, x8 



SAW-FILING, 55 
— teeth, 57 
Saw, so 

— back, 5a 

— bow, 53 

— common, 52 

— compass, 51, 52 

— hand, 51 

— smith's, X04 

— table of sizes of, 59 
Saw-set, 56 

-- patent, 57 
Saws, table of, 59 
Scraper, metal, xo8 
Screw-chuck, X56 



SCR 

Screw-cutting lathe, self- 

acting, X79 
Screwdziversy 64 
Screwing-stock, guide, zoi 
Screwing-tackle, hand, 96 

Various kinds of, 97 
Screw-plate, 99 

— notcned> 92 
Screw-taps, 95 

— set of, 96 
Screw-tool, outside, 151 

— inside, X5X 
Scriber, 38 

Scroll-chucks, X57, 159 
Shaf^j trussed^ 291 
Shafting, beltmg, 290 

— box coupling, 290 

— bracket, 2^2, 293 

— chipping fUlets, 293 

— counter-shaft, 301 

— countershafts, 290 

— driving drum, 298 

— iounisds, 29X 

— keying and staking, 
300 

— leather belting, 301 

— main line of, 289 

— split drum, 299 

— ttussing, and a trussed 
shaft, 29X 

— wall-box, 292, 293 
Shapine bench, 350 

— machines, 24^9 
Shearing machinery, 265 

— circular shears, 286, 
287 

— combined pimchmg 
and shearing machine, 

273 

— hydraulic shears, 268 

— knives of shearing ma- 
chines, 284 

Shears, 105 

— English hand-, xo6 

— hand-, 106 

— Scotch hand-, jo6 
Sheepshanks, Mr. , his in- 
vestigations oil the stan- 
dard of length, 9 

Shooting-boaids, X24 
Shop shafting, 288 
Side-tool^ x^o, 245 
Slide, principle of the, 4 
Slide-rest, x66, 167, 170 

— ornamental, X72, 173 

— self-acting, 196, X97 

— slide-rest tools for 
power-lathes, 200 

— spherical, x68, X69 
Sliding bevel, 123, X24 

— break-lathe, 191, 192 
Slot-drilling machine, 225 

— tools for, 226 
Slotting machine, 256 



TRU 

Slotting, or vertical shap- 
ing machine, 357 

— self-acting geanng foi 

259 

— tools for, 259, 960 
Smith's brace, 91, 93 

— saw, X04 
Socket chisel, 40 
Spiral-bitt, 64 
Spokeshave, 42 

— carpenter's, X23 
Spoon-bitt, 64 
Square, carpenter's, 133 

— centreing, X56 

Steel. Bessemer process, 
xx8 

— cfucible cast, ixx 

— determination of car- 
bon in, XX7 

— hardening, xta 

— letting down the tem- 
per, XI2^ 

— tempering, ixa 

— temper of, 109, X13 

— Whitworth's compres- 
sed, XX9 

Stock and die, 99 

— Whitworth's, xoo 
Straight-edge, cast-iron, 

X30, X3X 
•^ preparation of, 122 

— steel, X24 

— wooden, i2x 
Surface-gauge, X32 
Surface-plate, x2o, X2X 

X26, Z27 

— cast-iron, X20 
Surfacing or face lathe, 

193 
Syphon lubricator, 297 



TABLE,compound,2t2 
— for power drill, 
2x2 

— swin^, 2x2 
Taper-bitt, or rimer, 64 
Taper-tap, 96 

Taps, screw, 95 

— set of, 96 

— standards of size for, 
and dies, X03 

Tap-wrench, 95 
Temper of steel, X09 
Tempering tools, xx2 

— index of the tempera- 
ture of, XX3 

Template, 135 

Tool-holder, circular, X69 

Tools for planing and 
shaping, 255 

Topping files, or mill- 
saw, 80 

Trussed shaft, 29X 
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TRU 
TruMed shjift, l ew ol t ia g, 

Turkey oiisCooe* 71 
T TNIT oflength. 6 

I 
I 

V -GAUGE ia use in 
the Mint, 33 
Vice, 03. XI4 
— and clampsy 135 
Vice^huck, 3x5 
Vice, tail or beodi, 93 ( 



WALL^OX, 393 
>- bracket, 391 
Wall drilling machine, 

double-geared, 3o8 
"Wall plate, 394 
Wall-washer», 393 
Wa«hita oilstone, 71. See 

OiUtone 
Water of Ayr itone, 73 
Welsh oilstone, 73. See 

Oilstone 
Weston's fiictioa dutch, 

Whitworth's abolition of 
grinding and introduc- 
tion or scraping as a 
means of producing 
plane surfaces, 139 



WHI 

Whitworth's . 

straight-edge, xyy-\ 
ccwnpansonof gaiiges^3 

— compound taUe for . 
driUing madune, 3X3 

— compreased steel, 1x9 

— dies, too 

— difference gauges, 35 

— drill feed, 309 

— duplex buhe, 187 

— external and internal 
gauges, 37 

^- flat gauges, 39 

— form of screw threads, 

— grindstone with slide- I 

rest, 363. 364. I 

-—guide screwing stock, I 
zoo 

— improrements in hand ' 
screwing tackle, 96 

— millionth measuring 
machine, 14 

— preparation of surface- 
plates, ISO 

— proposed alteration of 
standard temperature, 

— quick return for shap- 
ing machine, 353 

— retention of the inch, 

— reversing^ gear for plan- 
ing machine, 343 



i's rerohriri 

iDol-lioIder lor planir^ 
'a44 

oi sue and 
pitch of angular screv 
threads* 103 

— — of gas threads, 104 

— stodc and dies, x<x> 

— sjrstem of measureiDen; 
by touch, X3 

— table of decimal gaogca, 

<— ten-thoosandthmcasar- 
ing marhine, 33, 35 

<— 3o-inch rules divided 
decimally, so 

— uniform system of 
screw threads, 103 

Winding-sticks, 123 
Wire and plate gauges, 

33 
Wood scrsq>er, with ' bur- 
,„red ' edge, 73 
Wood turning, toob used 

for, 36 

"y ORK-PITCH, 47 

ZINC, Lariviire's ma- 
chine for perforating, 
380 
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